1990-91 Resistor/Capacitor Data Book 


Table of Contents 


Resistor/Capacitor 

Data Book 

Alpha Numeric Index Page | 
Capacitors 

Aluminum Electrolytic Capacitors Quick Reference Index Page 1 
Ceramic Capacitors Quick Reference Index Page 131 
Tantalum Capacitor Quick Reference Index Page 209 
Film Capacitor Quick Reference Index Page 405 
Hl Variable Capacitor Quick Reference Index Page 463 
Resistors 

fi Fixed Resistor Quick Reference Index Page 481 
Trimmers Quick Reference Index Page 533 
El Non-linear Resistor Quick Reference Index Page 571 & 572 


Competitor Cross Reference _ Page 714 


ALPHA NUMERIC INDEX 


TYPE 


DESCRIPTION 


A 
CR 
CT-6 
CT-9 
CT-20 
D&S 
G 

K 

NFR 

P 

PPR 
PR 

R 

RJ-4 
RJ-6 
RJ-13 
RJ-24 
RJ-26 
RJR-24 
RJR-26 


SFR 


SPR 
+ 
T™M-7 


2800K 
2800L 
2800M 
3070 
3120 
3186 
3188 
3191 
3476 
3480 
3481 
3487 
3489 
3500 
40AF 
40AG 
40AW 
40BF 
40BG 
40BW 
40EF 
40EG 
40EW 
40FF 
40FG 
40LW 
40MS 
40NS 
40RF 
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40SF WET FOIL TANTALUM CAPACITOR 286 
40SS SOLID SLUG TANTALUM CAPACITOR ~ 256,373,245 
40SW WET SLUG TANTALUM CAPACITOR 220,228,336 
40TF WET FOIL TANTALUM CAPACITOR 296 
40TS SOLID SLUG TANTALUM CAPACITOR 254,380 
40TW WET SLUG TANTALUM CAPACITOR 341 
40VF WET FOIL TANTALUM CAPACITOR 297 
40XS SOLID SLUG TANTALUM CAPACITOR 268,384 
40YS SOLID SLUG TANTALUM CAPACITOR 271,388 
40YW WET FOIL TANTALUM CAPACITOR 352 
40ZS SOLID SLUG TANTALUM CAPACITOR 265,392 
41GS SOLID SLUG TANTALUM CAPACITOR 355 
41PS SOLID SLUG TANTALUM CAPACITOR 369 
43JUF WET FOIL TANTALUM CAPACITOR 289 
43JG WET FOIL TANTALUM CAPACITOR 288 
43 JW WET SLUG TANTALUM CAPACITOR 216,320 
43KF WET FOIL TANTALUM CAPACITOR 289 
43KG WET FOIL TANTALUM CAPACITOR 288 
43XW Wet Slug Tantalum Capacitor 212,214,225,226,227,348 
410 OPEN CARBON TRIMMER 557 
483 ENCLOSED CARBON TRIMMER 561 
482 OPEN CERMET TRIMMER 565 
484 ENCLOSED CERMET TRIMMER 567 
5000A METAL FILM RESISTOR TO MIL-R-55182 522 
5000R/M METAL FILM RESISTOR TO MIL-R-10509 511,515 
5000T METAL FILM RESISTOR TO MIL-R-22684 513 
5000U METAL FILM RESISTOR TO MIL-R-39017 518 
5000V METAL FILM RESISTOR TO MIL-R-55182 520 
5000Y METAL FILM (Standard Precision) RESISTOR 504 
5000Z METAL FILM (Ultra Precision) RESISTOR 507,512 
5053H (SFR 25H) METAL FILM RESISTOR 494 
2322 592-596 METAL OXIDE VARISTOR 

2322 610 NTC THERMISTOR 600 
2322 626 NTC THERMISTOR 602 
2322 633 NTC THERMISTOR 604 
2322 640 NTC THERMISTOR 607 
2322 642 NTC THERMISTOR 615 
2322 644 NTC INRUSH CURRENT LIMITER 623 
2322 645 NTC THERMISTOR 627 
2322 66.0..1 PTC CURRENT OVERLOAD PROTECTION 657 
2322 66.0..3 PTC CURRENT OVERLOAD PROTECTION 657 
2322 66.1.1 PTC CURRENT OVERLOAD PROTECTION 657 
2322 66.1.3. PTC CURRENT OVERLOAD PROTECTION 657 
2322 660 PTC THERMISTOR 649 
2322 661 PTC THERMISTOR 651 
2322 662 PTC THERMISTOR 653 
2322 672 PTC (MOTOR PROTECTION) THERMISTOR 681 
2322 672 PTC (GENERAL PURPOSE) THERMISTOR 681 
2322 672 PTC THERMISTOR 681 
2322 680 SELF REGULATING PTC HEATER 679 
2232 691 HUMIDITY SENSOR 684 
703E1 POLYPROPYLENE FILM CAPACITOR 432 
704C1 POLYSTYRENE FILM CAPACITOR 427 
708A1 POLYESTER FILM CAPACITOR 411 
708B1 POLYCARBONATE FILM CAPACITOR 423 
708D1 POLYESTER FILM CAPACITOR 408 
711H POLYPROPYLENE FILM CAPACITOR 452 
712A1 POLYESTER FILM CAPACITOR 413 
719A1 POLYESTER FILM CAPACITOR 418 
719B1 POLYCARBONATE FILM CAPACITOR 425 
719C1 POLYSTYRENE FILM CAPACITOR 430 
719F1 POLYPROPYLENE FILM CAPACITOR 436 
719F2 POLYPROPYLENE FILM CAPACITOR 427 
719J1 POLYESTER & PAPER FILM CAPACITOR 458 
8014 CERMET TRIMMER 535 
8024 CERMET TRIMMER 537 
8026 CERMET TRIMMER 539 
8038 CERMET TRIMMER 541 


Aluminum Electrolytic Capacitors 
QUICK REFERENCE INDEX 


Range (uF) Range (Volts) 


STANDARD DC PRODUCT 


series | pesnipton 


Operating Temperature 


Nominal Case Size 
DxL Page 


Range (°C) 
AXIAL LEAD 
Miniature 0.177 in. x 0.394 in. to 
COMPUTER GRADE 


Y%ein. X 2% in. to 


High Performance 1 
3120 Ultra Long Life 330-820,000 6.0-260 —40 to +105 3 in. x 8% in. 

Standard 13/3 in. x 2" in. to 

3186 Computer Grade 180-1,000,000 6.5-450 —40 to +85 3 in. x 8% in. 18 
1% in. x 2" in. to 

3188 Long Life 180-950,000 6.0-400 —40 to +105 3 in. x 8% in. 30 
Symmetrical Tolerance 1% in. x 2'/s in. to 

3191 SMPS Output 2800-200,000 5.0-66 —40 to +85 2 in. X 5% in. 4 


MINIATURE, RADIAL, DC PRODUCT 


—40 to +85 
for 100V or less 
—25 to +85 5X 11 mm to 
0.47-10,000 6.3-450 for 160V or greater 18 x 40 mm 
—55 to +105 
6.3-100V 
Low Leakage —40 to +105 5 xX 11 mm to 
Extended Temperature 0.47-10,000 6.3-250 160-250V 18 x 40 mm 


NEW, HIGH CV, DC PRODUCT 
Capacitance Working Voltage | Operating Temperature Nominal Case Size baat 
Description Range (uF) Range (Volts) Range (°C) DxL Page 
—RADIAL-TUBULAR 
~  Super-Snap™ Printed Circuit 22 Xx 25 mm to egg: | 
3487 Board Snap-in — 68-110,000 6.3-450 —40 to +85 35 x 80 mm 
Super Snap™ Printed Circuit 25 x 35mm iene 
3488 Board Snap-in 150-56,000 6.3-250 —40 to +105 36 x 50 mm 63 
Super Snap™ High CV Product 25 x 35 mm Ree 
3489 For Off Line SMPS 270-4200 200-250 —40 to +85 30% 50 min 67 
STANDARD AC PRODUCT 
Capacitance Working Voltage | Operating Temperature Nominal Case Size 
Description Range (iF) Range (Volts) Range (°C) DxL 
1.438 x 2.750 in. to 
21-1,200 110-330 —20 to +66 2.562 x 4.375 in. 


AC Motor Start 


m-] 

99 
(a 

© 


Design Engineering Notes 
Application Guidelines — Plug-In Axial & Radial Lead Types 


Summary of JIS C5141 / C5102 
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SERIES 3070 


Miniature Axial-Leaded Aluminum 


Electrolytic Capacitors 


DESCRIPTION 


Philips Components Series 3070 Aluminum Elec- 
trolytic Capacitors are mainly used for filtering, 


coupling, and decoupling. 

They are also suitable for higher-voltage, mod- 
erate-capacitance applications in power supplies, 
instrumentation and controls. The taped and 
reeled versions are excellent for automatic inser- 
tion and for cutting and forming equipment. 


These capacitors feature extremely low leakage 
current, low impedance, exceptional reliability, 
and wide operating temperature, at a very low cost. 


In construction, the capacitor has etched-alum- 
inum-foil electrodes rolled up with a porous paper 
spacer which separates the anode and the 
cathode. The spacer is impregnated with an elec- 
trolyte which is the electrical connection between 
the dielectric and the cathode foil. The electrolyte 
used offers excellent electrical characteristics 
over a wide temperature range. The capacitor is 
housed in an aluminum case covered with a 
transparent blue sleeve. 


FEATURES 


@ High CV Design. 


m Wide ranges of capacitances and voltages: 
1.0 to 15,000uF, 6.3 to 385WVDC. 


m@ Very low ESR 
@ High ripple current capability. 
m@ Capacitance tolerance: —10 to +50%. 


m@ Case Sizes: 
0.177 in. by 0.394 in. to 0.827 in. by 1.575 in. 
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SERIES 3070 


Miniature Axial-Leaded Aluminum Electrolytic Capacitors 


DIMENSIONS 


UNINSULATED CASE DIMENSION* 
| Dimensions in inches | ___ [Dimensions in Millimeters|_____ 
|Dnom|Lnom[ c_ [E+.039|/Dnom|[Lnom| Cc |E=1_ 


“~ADOINDOOWONODA!A 
DODWONDO0OOUDM 
C0COCD COMODO MO MWODOD 


SSOSSS9S99009000 


N— — — -3 4 14 1 


*Insulated unit = D nom + .5mm. L nom + 5mm max. 


TAPE & REEL SPECIFICATIONS 


NEGATIVE TERMINALS ARE BLUE TAPE 


le | 


6mm=+0.5mm 


: _ =(236"=.020" . | 
Quantity Capacitor 
Inside Taping Distance Between | Per Reel Length 
Case Size |Component Pitch “A” Spacing “B” Reel Flanges Pieces “L” Max. 
5mm) +.4 63.50mm) +1.5 83.5mm 10.5mm 
394" +.016 2.50" + .059 3:00" 1,000 413" 
10mm) +.4 63.50mm) +1.5 83.5mm 10.5mm 
10mm) +.4 73.00mm) +1.6 88.5mm 18.5mm 
394" +.016 2.874" +.063 3.48" 723" 
10mm) +.4 73.00mm) +1.6 88.5mm 18.5mm 
591" +.016 2.874" +.063 3.48" 500 
15mm) +.75 73.00mm) +1.6 88.5mm 18.5mm 
15mm) +.75 73.00mm) +1.6 88.5mm 
HOW TO SPECIFY 
Philips Components Series 3070 Capacitors can be completely specified using the following designation: 
3070 FE 331 T 010 J Pp B 
Case Size Code sae Mechanical Packaging 
T = —10+50% Characteristics B = Standard Bulk 
J = No Epoxy T = Tape and Reel* 
aa A = Ammo Pack 
Philips Components ; 
Product Capacitance Voltage Insulation 
Series XX = Significant Digits 010 = 10VDC P = Standard 
(See Physical X = Multiplier 100 = 100VDC Polycarbonate 
spec) i.e. 331 = 330yuF 6P3 = 6.3VDC 
330 = 33nuF | 
339 = 3.3uF * vai BA, DA, EE, FE, GE & GG ONLY. 
338 = 33pF Available for sizes 
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Group Number 


Series 3070 capacitors are marked with: 
* nominal capacitance 
- tolerance on nominal capacitance 


(where case size permits) 


- rated voltage 

* group number (ex. 030) 

* Origin code 

*name of manufacturer (where case size 


permits) 


- band to identify the negative terminal 
* + sign to identify the positive terminal 


(where case size permits) 


030/031 
032/033 


041 
042/043 
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SERIES 3070 


Miniature Axial-Leaded Aluminum Electrolytic Capacitors 


PERFORMANCE CHARACTERISTICS - LOW TEMPERATURE PEFORMANCE (SERIES 
¢ CAPACITANCE at 120Hz, 25°C 3073, 3074, 3075 and 3076): When measured 
Rated values: 1.0uF to 15,000uF at —40°C and a frequency of 120Hz, the impe- 


— 0 dance of these capacitors will not be greater 
Hee i eg oa Aarne eens es than the value determined below. Reference 
- VOLTAGE | measurements are made at 20°C and 120Hz. 


Rated values: (DC + peak AC) 6.3V to 385V 
Surge voltage: 1.15 X rated voltage < 250 WVDC 
1.10 X rated voltage => 350 WVDC 


¢ LEAKAGE CURRENT 
See Std. Cap. Values 
Capacitor is conditioned for 30 minutes at rated 
voltage; 24 hours later, rated voltage is 
applied for 5 minutes. 
¢ ESR 
See Std. Cap. Values 
Measured at 120 Hz, 25°C 


¢ RIPPLE CURRENT 
See Std. Cap. Values 
Maximum allowable ripple current at 85°C, 120Hz. 


¢ TEMPERATURE RANGE 
Operating: —55°C to +85°C for case size BA 
to GG —40°C to +85°C for case sizeGHto MK 


STANDARD CAPACITANCE VALUES 


RATED 20°C IMPEDANCE 
DC VOLTAGE MULTIPLIER 


Leakage 
Capacitor Temp. Rated Ripple Mini. Max. Current 
Series (°C +3°C) DC Voltage Max. (%)** 


3073 
6.4V 85 2000 75 130 100 
10-100V 


3074 

6.3V 85 5000 70 130 100 
10—100V 85 
3075 
160V 85 2000 70 150 100 
250—385V 85 2000 


3076 
<160V 85 5000 85 130 100 
250—385V 85 5000 


*Referenced to measured initial value. 


Philips Components 


Philips Components 
Part Number 


Part Number 


6.3 VDC WORKING/SURGE = 1. 


3073BA330T6P3JPA 
3073BA680T6P3JPA 
3073DA151T6P3JPA 
3073FE471T6P3UPA 
3073GE681T6P3JPA 
3073GG102T6P3UPA 
3074GH152T6P3JPB 
3074HH222T6P3JPB 
3074JH332T6P3JPB 
3074LH472T6P3JPB 


3074LK682T6P3JPB 
3074MK103T6P3UPB 
3074MK153T6P3JNPB 


3073BA220T010JPA 
3073BA470T010JPA 
3073DA101T010UPA 
3073EE221T010JPA 
3073FE331T010JPA 
3073GE471T010JPA 
3073GG681TO10JPA 
3074GH102T010JPB 
3074HH152T010JPB 
3074JH222T010UPB 
3074LH332T010JPB 
3074LK472T010JPB 
3074MK682T010JPB 
3074MK103T010JNPB 


3073BA150T016JPA 
3073BA330T016JPA 
3073DA680T016JPA 
3073EE151T016JPA 
3073FE221TO16JPA 
3073GE331T016UPA 
3073GG471T016JPA 
3074GH681T016JPB 
3074HH102TO16JPB 
3074JH152T016JPB 
3074LH222T016JPB 
3074LK332T016JPB 
3074MK472T016JPB 
3074MK682T016JPB 


3073BA100TO25JPA 
3073BA220T025JNPA 
3073DA470T025JPA 
3073EE101TO25JPA 
3073FE151TO25UPA 
3073GE221T025JPA 
3073G6G331T025JPA 
3074GH471T025JPB 
3074HH681T025JPB 
3074JH102T025JPB 
3074LH152T025JPB 
3074LK222T025JPB 
3074MK332T025JPB 
3074MK472T025JPB 
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STANDARD CAPACITANCE VALUES 


Philips Components 
Part Number 


3073BA689T040JPA 
3073BA100T040JPA 
3073BA150T040JPA 
3073DA220T040JPA 
3073DA330T040JPA 
3073EE470T040JPA 

3073FE101TO40JPA 

3073GE151TO40JPA 
3073GG221T040JPA 
3074GH221T040JPB 
3074HH331T040JPB 
3074HH471T040JPB 
3074JH681T040JPB 

3074LH102T040JPB 

3074LK152T040JPB 

3074MK222T040JPB 
3074MK332T040JPB 


3073BA338TO63IPA 
3073BA478TO63JPA 
3073BA688TO63JPA 
3073BA109TOB3JPA 
3073BA1S9TO63JPA 
3073BA229T063NPA 
3073BA339TOB3JPA 
3073BA479TO63JPA 
3073BA68STOB3UPA 
3073DA100TO63JPA 
3073DA1SOTOB3JPA 
S073EE2Z20TOE3JPA 

3073FE470TO63UPA 
3073GE680TOB3UPA 
3073GG101TO63UPA 
3074GH 15 1TO63JPB 

3074HH221T063JPB 
3074JH331TO63JPB 

30745H471TO63JPB 

3074LH681TO63JPB 

3074MK102TO63JPB 
3074MK152TO63JPB 


3073BA109T100JPA 
3073BA229T100JPA 
3073BA339T100JPA 


3073DA479T100JPA 


3073DA689T100JPA 
3073EE100T1O0JPA 
3073FE220T100JPA 
3073GE330T100JPA 
3073GG470T100JPA 
3074GH680T 100JPB 
3074HH101T100JPB 
3074JH151T100JPB 
3074LH221T100JPB 
3074LK331T100JPB 
3074MK471T100JPB 
3074MK681T100JPB 


SERIES 3070 


Miniature Axial-Leaded Aluminum Electrolytic Capacitors 


Philips Components 
Part Number 


3075EE479T160JPA 
3075FE 100T160JPA 
3075GG220T160JPA 
3076GH220T160JPB 
3076HH330T160JPB 
3076JH470T160JPB 
3076JH680T160JPB 
3076LH1011T160JPB 
3076LK151T160JPB 
3076MK221T160JPB 


3075EE229T250JPA 
3075FE479T250J5PA 
3075GG100T250JPA 
3076GH100T250JPB 
3076HH150T250JPB 
3076HH220T250JPB 
3076JH330T250JNPB 

3076LH470T250JPB 

3076LK680T250JPB 

3076MK101T250JPB 


3075GE479T350UPA 
3076GH689T350UPB 
3076HH100T350NPB 
3076HH150T350NP8 
3076JH220T350NP8 
3076LH330T350JPB 
3076LK470T350NPB 
3076MK680T350JPB 


3075EE109T385NPA 
3075FE229T385NPA 
3075GG479T385JPA 
3076GH689T385JPB 
3076HH100T385JPB 
3076HH150T385JPB 
3076LH220T385JPB 

3076LK330T385JPB 

3076LK470T385JPB 

3076MK680T385JPB 
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SERIES 3070 


Miniature Axial-Leaded Aluminum Electrolytic Capacitors 


~ TYPICAL PERFORMANCE 

— 

S CAPACITANCE vs. TEMPERATURE 3073 
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3 Multiplier of capacitance (C/Co) as a function of ambient 

& temperature; case sizes BA to GG Co = Capacitance at 20 

Pt °C 120 Hz. 

s) 

P. 3073/3074/3075/3076 
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—- 50 50 100 
Typical capacitance as a function of ambient temperature Tamb (°C) 
C, = capacitance at 25°C, 120Hz 


Typical huey current as a function rp Fa temperature 
3075/3076 Iro ripple current at 85°C, 1 
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MULTIPLIER OF CAPACITANCE CIC, = 


MULTIPLIER OF RIPPLE CURRENT Iy/Iy, 


Sa i 
tt tO a 
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—50 0 50 Tip (°C) 100 


Multiplier of capacitance (c/co) as a function of ambient temperature 
Co = capacitance at 25°C, 120 Hz 
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TYPICAL PERFORMANCE )» 


RIPPLE CURRENT vs. FREQUENCY 


luminum Electrolytic Capacitors 
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Typical ripple current as a function of frequency 
Ir = ripple current at 85°C, 120 Hz. 
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ripple current at 85°C 
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Typical ripple current as a function of fre 
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Typical ripple current as a function of frequency 


Ir, = ripple current at 85°C, 120 Hz 


3074 (CASES LK—MK) 
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Typical ripple current as a function of frequency 
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ripple current at 85°C 
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SERIES 3120 


High-Performance Computer-Grade 
Aluminum Electrolytic Capacitors 


Extended Operating Temperature 
Range (+105°C) Long Operating Life 
(3000 hrs.) with Rated DC Voltage 
and Ripple Current. (+85°C) 


DESCRIPTION: 


Series 3120 computer-grade offer performance 
suited to applications where high CV, wide oper- 
ating temperature range, and low ESR are critical. 


They employ a newly developed non-aqueous 
environmentally acceptable glycol based elec- 
trolyte, permitting good operational characteris- 
tics at 105°C. Carefully controlled and highly 
optimized etching and anodizing processes result 
in exceptionally high CV per unit volume. Special 
computer controlled symmetrical multiple tab- 
bing techniques minimize ESR and ESL. Custom 
designed and patented case construction anchors 
the element and eliminates the need for potting 
compound. This results in a uniform space for 
gas expansion with more reliable operation of 
the safety vent. The combination of all these fea- 
tures result in longer operating and storage life. 
In addition to the above, these advanced materials 
and manufacturing processes provide Series 3120 
capacitors with high ripple-current ratings and 
low impedance and DC leakage. 


FEATURES: 


= Operating temperature range: —40°C to +105°C. 


=m Excellent temperature stability during 3000 
hours of life-test with rated ripple current, at 
85°C and during 500 hours at 105°C shelf-life 
test. 


m@ Very low ESR and impedance in the frequency 
range of 120 Hz to 100 kHz. 


@ High ripple-current ratings in the 120 Hz to 
100 kHz frequency range. 


= Voltage range: 6 to 250 WVDC. 


= Custom designed case construction* elimi- 
nates potting compound. 


For Application Guidelines see pages 82-91 


*Patent pending 
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SERIES 3120 7 


170000 
220000 
260000 
290000 
330000 
180000 
240000 
290000 
370000 
430000 
490000 
960000 
360000 
460000 
990000 
640000 
730000 
820000 
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3120ED174U006AM 
3120EE224U006AM 
3120EF264U006AM 
3120EG294U006AM 
3120EH334U006AM 
3120FB184U006AM 
3120FC244U006AM 
3120FD294U006AM 
3120FE374U006DM 
3120FF434U006DM 
3120FG494U006DM 
3120FH564U006DM 
3120GC364U006DM 
3120GD464U006DM 
3120GE554U006DM 
3120GF644U006DM 
3120GG734U006DM 
3120GH824U006DM 


160000 
200000 
230000 
270000 
310000 
170000 
230000 
290000 
340000 
400000 
460000 
520000 
340000 
430000 
510000 
600000 
680000 
770000 


3120ED164U7P5AM 
3120EE204U7P5AM 
3120EF234U7P5AM 
3120EG274U7P5AM 
3120EH314U7P5AM 
3120FB174U7P5AM 
3120FC234U7P5AM 
3120FD294U7P5AM 
3120FE344U7P5DM 
3120FF404U7P5DM 
3120FG464U7P5DM 
3120FH524U7P5DM 
3120GC344U7P5DM 
3120GD434U7P5DM 
3120GE514U7P5DM 
3120GF604U7P5DM 
3120GG684U7P5DM 
3120GH774U7P5DM 


6.0 VDC WORKING 10.0 SURGE 7.5 VDC WORKING 12.0 SURGE = 
MAXIMUM MAXIMUM 3 
ESR ESR S 
CAPACITANCE | PHILIPS COMPONENTS OHMS CAPACITANCE | PHILIPS COMPONENTS OHMS a 
| PART NUMBER 120HZ,25C UF PART NUMBER 120HZ,25C 3 
40000 3120BA403U006AM 37000 3120BA373U7P5AM 
48000 3120BB483U006AM 44090 3120BB443U7P5AM mM 
64000 3120BC643U006AM 59000 3120BC593U7P5AM ® 
80000 3120BD803U006AM 74000 3120BD743U7P5AM 8 
96000 3120BE963U006AM 89000 3120BE893U7P5AM ee 
100000 3120BF104U006AM 100000 3120BF104U7P5AM CQ 
120000 3120BG124U006AM 110000 3120BG114U7P5AM —< 
140000 3120BH144U006AM 120000 3120BH124U7P5AM “< 
72000 3120DA723U006AM 67000 3120DA673U7P5AM 
86000 3120DB863U006AM 80000 3120DB803U7P5AM °' 
110000 3120DC114U006AM 100000 3120DC104U7P5AM 

130000 3120DD134U006AM 130000 3120DD134U7P5AM ©) 
170000 3120DE174U006AM 150000 3120DE154U7P5AM 2 
200000 3120DF204U006AM 180000 3120DF184U7P5AM §) 
230000 3120DG234U006AM 200000 3120DG204U7P5AM 6 
250000 3120DH254U006AM 230000 3120DH234U7P5AM + 
74000 3120EA743U006AM 69000 3120EA693U7P5AM “we 
100000 3120EB104U006AM 100000 3120EB104U7P5AM S 
140000 3120EC144U006AM 130000 3120EC134U7P5AM eG 
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SERIES 3120 


27000 
33000 
43000 
94000 
65000 
75000 
86000 
96000 
49000 
99000 
79000 
98000 
110000 
130000 
150000 
170000 
91000 
77000 
100000 
120000 
150000 
170000 
200000 
230000 
120000 
170000 
210000 
250000 
290000 
340000 
380000 
290000 
310000 
370000 
440000 
500000 
560000 


CAPACITANCE | PHILIPS COMPONENTS 
U 


PART NUMBER 


3120BA273U010AM 
3120BB333U010AM 
3120BC433U010AM 
3120BD543U010AM 
3120BE653U010AM 
3120BF753U010AM 
3120BG863U010AM 
3120BH963U010AM 
3120DA493U010AM 
3120DB593U010AM 
3120DC0793U010AM 
3120DD983U010AM 
3120DE114U010AM 
3120DF134U010AM 
3120DG154U010AM 
3120DH174U010AM 
3120EA513U010AM 
3120EB773U010AM 
3120EC104U010AM 
3120ED124U010AM 
3120EE154U010AM 

3120EF174U010AM 

3120EG204U010AM 
3120EH234U010AM 
3120FB124U010AM 

3120FC174U010AM 

3120FD214U010AM 

3120FE254U010DM 

3120FF294U010DM 

3120FG344U010DM 
3120FH384U010DM 
3120GC254U010DM 
3120GD314U010DM 


—3120GE374U010DM 


3120GF444U010DM 
3120GG504U010DM 
3120GH564U010DM 


10.0 VDC WORKING 15.0 SURGE 


MAXIMUM 


For Application Guidelines see pages 82-91 
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19000 
23000 
31000 
39000 
47000 
54000 
62000 
70000 
35000 
43000 
97000 
71000 
86000 


100000 


110000 
120000 

37000 

55000 

74000 

94000 
110000 
130000 
140000 
160000 

93000 
120000 
150000 
180000 
210000 
240000 
270000 
180000 
220000 
270000 
320000 
360000 
410000 
650000 


CAPACITANCE | PHILIPS COMPONENTS 
U 


PART NUMBER 


3120BA193U016AM 
3120BB233U016AM 
3120B0313U016AM 


~ 3120BD393U016AM 


3120BE473U016AM 
3120BF543U016AM 
3120BG623U016AM 
3120BH703U016AM 
3120DA353U016AM 
3120DB433U016AM 
3120D0573U016AM 
3120DD713U016AM 
3120DE863U016AM 
3120DF104U016AM 
3120DG114U016AM 
3120DH124U016AM 
3120EA373U016AM 
3120EB553U016AM 
3120EC743U016AM 
3120ED943U016AM 
3120EE114U016AM 

3120EF134U016AM 

3120EG144U016AM 
3120EH164U016AM 
3120FB933U016AM 

3120FC124U016AM 

3120FD154U016AM 

3120FE184U016AM 

3120FF214U016AM 

3120FG244U016DM 
3120FH274U016DM 
3120GC184U016DM 
3120GD224U016DM 
3120GE274U016DM 
3120GF324U016DM 
3120GG364U016DM 
3120GH414U016DM 
3120GN654U016DM 


16.0 VDC WORKING 20.0 SURGE 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 

RIPPLE 
CURRENT 
AMPS AT 
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CAPACITANCE | PHILIPS COMPONENTS 


18000 
21000 
29000 
36000 
43000 
50000 
97000 
64000 
32000 
39000 
92000 
65000 
79000 
92000 
100000 
110000 
34000 
91000 
68000 
85000 
100000 
110000 
130000 
150000 
85000 
110000 
140000 
170000 
190000 
220000 
250000 
160000 
210000 
290000 
290000 
330000 
370000 
620000 
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PART NUMBER 


3120BA183U020AM 
3120BB213U020AM 
3120BC293U020AM 
3120BD363U020AM 
3120BE433U020AM 
3120BF503U020AM 

3120BG573U020AM 
3120BH643U020AM 
3120DA323U020AM 
3120DB393U020AM 
3120D0523U020AM 
3120DD653U020AM 
3120DE793U020AM 
3120DF923U020AM 

3120DG104U020AM 
3120DH114U020AM 
3120EA343U020AM 

3120EB513U020AM 
3120EC683U020AM 
3120ED853U020AM 
3120EE104U020AM 

3120EF114U020AM 

3120EG134U020AM 
3120EH154U020AM 
3120FB853U020AM 

3120FC114U020AM 

3120FD144U020AM 

3120FE174U020AM 

3120FF194U020AM 

3120FG224U020DM 
3120FH254U020DM 
3120GC164U020AM 
3120GD214U020DM 
3120GE254U020DM 
3120GF294U020DM 
3120GG334U020DM 
3120GH374U020DM 
3120GN624U020DM 


20.0 VDC WORKING 24.0 SURGE 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 


AMPS AT 
120HZ,85C 


140000 
160000 
180000 
120000 
150000 
180000 
210000 
240000 
270000 
450000 


SERIES 3120 


25.0 VDC WORKING 40.0 SURGE 


PHILIPS COMPONENTS 


PART NUMBER 


3120BA133U025AM 
3120BB163U025AM 
3120B0213U025AM 
3120BD263U025AM 
3120BE323U025AM 
3120BF363U025AM 
3120BG423U025AM 
3120BH473U025AM 
3120DA243U025AM 
3120DB283U025AM 
3120D0383U025AM 
3120DD483U025AM 
3120DE573U025AM 
3120DF673U025AM 
3120DG773U025AM 
3120DH863U025AM 
3120EA253U025AM 
3120EB373U025AM 
3120EC503U025AM 
3120ED623U025AM 
3120EE753U025AM 

3120EF873U025AM 

3120EG104U025AM 
3120EH114U025AM 
3120FB623U025AM 

3120FC833U025AM 

3120FD104U025AM 
3120FE124U025AM 

3120FF144U025AM 

3120FG164U025AM 
3120FH184U025DM 
3120GC124U025AM 
3120GD154U025AM 
3120GE184U025AM 
3120GF214U025DM 
3120GG244U025DM 
3120GH274U025DM 
3120GN454U025DM 


MAXIMUM 


120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
120HZ,85C 
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SERIES 3120 


30.0 VDC WORKING 45.0 SURGE 35.0 VDC WORKING 50.0 SURGE 


MAX. RMS MAX. RMS 
MAXIMUM | RIPPLE MAXIMUM | RIPPLE 
ESR CURRENT CURRENT 
CAPACITANCE | PHILIPS COMPONENTS OHMS AMPS AT CAPACITANCE | PHILIPS COMPONENTS AMPS AT 
UF 


PART NUMBER 120HZ,25C UF PART NUMBER 120HZ,85C 


11000 3120BA113U030AM ; 7800 3120BA782U035AM 
13000 3120BB133U030AM 9400 3120BB942U035AM 
18000 3120BC183U030AM - 12000 3120BC0123U035AM 
23000 3120BD233U030AM 15000 3120BD153U035AM 
27000 3120BE273U030AM 18000 3120BE183U035AM 
31000 3120BF313U030AM 21000 3120BF213U035AM 
36000 3120BG363U030AM 24000 3120BG243U035AM 
41000 3120BH413U030AM ; 27000 3120BH273U035AM 
20000 3120DA203U030AM 14000 3120DA143U035AM 
29000 3120DB253U030AM 17000 3120DB173U035AM 
33000 3120D0333U030AM 22000 3120DC223U035AM 
41000 3120DD413U030AM ; 28000 3120DD283U035AM 
90000 3120DE503U030AM 34000 3120DE343U035AM 
98000 3120DF583U030AM 39000 3120DF393U035AM 
67000 3120DG673U030AM 45000 3120DG453U035AM 
75000 3120DH753U030AM 91000 3120DH513U035AM 
21000 3120EA213U030AM 14000 3120EA143U035AM 
32000 3120EB323U030AM 22000 3120EB223U035AM 
43000 3120EC433U030AM 29000 3120EC293U035AM 
54000 3120ED543U030AM 36000 3120ED363U035AM 
65000 3120EE653U030AM | 44000 3120EE443U035AM 
76000 3120EF763U030AM 51000 3120EF513U035AM 
86000 3120EG863U030AM 98000 3120EG583U035AM 
97000 3120EH973U030AM ; 66000 3120EH663U035AM 
94000 3120FB543U030AM ; 36000 3120FB363U035AM 
72000 3120FC723U030AM 49000 3120FC493U035AM 
90000 3120FD903U030AM 61000 3120FD613U035AM 
100000 3120FE104U030AM 73000 3120FE733U035AM 
120000 3120FF124U030AM 85000 3120FF853U035AM 
140000 3120FG144U030AM ; 98000 3120FG983U035AM 
160000 3120FH164U030DM ; 110000 3120FH114U035DM 
100000 3120GC104U030AM 72000 3120GC723U035AM 
130000 3120GD134U030AM 90000 3120GD903U035AM 
160000 3120GE164U030AM 100000 3120GE104U035AM 
180000 3120GF184U030DM 120000 3120GF124U035AM 
210000 3120GG214U030DM ; 140000 3120GG144U035AM 
240000 3120GH244U030DM ; 160000 3120GH164U035DM 
390000 3120GN394U030DM 260000 3120GN264U035DM 
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SERIES 3120 . 


40.0 VDC WORKING 60.0 SURGE 50.0 VDC WORKING 75.0 SURGE 


MAXIMUM MAXIMUM 

| ESR ESR 

CAPACITANCE | PHILIPS COMPONENTS OHMS CAPACITANCE | PHILIPS COMPONENTS OHMS 
UF PART NUMBER 120HZ,25C UF PART NUMBER 120HZ,25C 


9300 3120BA532U040AM . 4400 3120BA442U050AM 
6400 3120BB642U040AM 9200 3120BB522U050AM 
8500 3120BC852U040AM 7000 3120BC702U050AM 
10000 3120BD103U040AM 8800 3120BD882U050AM 
12000 3120BE123U040AM : : 10000 3120BE103U050AM 
14000 3120BF143U040AM 12000 3120BF123U050AM 
16000 3120BG163U040AM 13000 3120BG133U050AM 
18000 3120BH183U040AM 15000 3120BH153U050AM 
9600 3120DA962U040AM 7900 3120DA792U050AM 
10000 3120DB113U040AM 9500 3120DB952U050AM 
15000 3120D0153U040AM 12000 3120D0123U050AM 
19000 3120DD193U040AM 15000 3120DD153U050AM 
23000 3120DE233U040AM 19000 3120DE193U050AM 
27000 3120DF273U040AM 22000 3120DF223U050AM 
31000 3120DG313U040AM ; 25000 3120DG253U050AM 
34000 3120DH343U040AM ; 28000 3120DH283U050AM 
10000 3120EA103U040AM . 8200 3120EA822U050AM 
15000 3120EB153U040AM 12000 3120EB123U050AM 
20000 3120EC203U040AM 3 16000 3120EC163U050AM 
25000 3120ED253U040AM 20000 3120ED203U050AM 
30000 3120EE303U040AM 24000 3120EE243U050AM 
35000 3120EF353U040AM 28000 3120EF283U050AM 
40000 3120EG403U040AM ; 33000 3120EG333U050AM 
45000 3120EH453U040AM 37000 3120EH373U050AM 
25000 3120FB253U040AM 20000 3120FB203U050AM 
33000 3120FC333U040AM 27000 3120FC273U050AM 
41000 3120FD413U040AM ; 34000 3120FD343U050AM 
90000 3120FE503U040AM 41000 3120FE413U050AM 
98000 3120FG583U040AM 48000 3120FF483U050AM 
67000 3120FG673U040AM 99000 3120FG553U050AM 
75000 3120FH753U040AM 62000 3120FH623U050AM 
49000 3120GC493U040AM 40000 3120GC403U050AM 
61000 3120GD613U040AM 90000 3120GD503U050AM 
74000 3120GE743U040AM 60000 3120GE603U050AM 
86000 3120GF863U040AM 71000 3120GF713U050AM 
98000 3120GG983U040AM 81000 3120GG813U050AM 
110000 3120GH114U040DM 91000 3120GH913U040DM 
180000 3120GN184U040DM 140000 3120GN144U050DM 
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SERIES 3120 


14 


CAPACITANCE | PHILIPS COMPONENTS 


UF 


4000 
4800 
6400 
8000 
9600 
11000 
12000 
14000 
7200 
8600 
11000 
14000 
17000 
20000 
23000 
26000 
7500 
11000 
15000 
18000 
22000 
26000 
30000 
33000 
18000 
29000 
31000 
37000 
43000 
90000 
96000 
36000 
46000 
99000 
64000 
73000 
83000 
130000 


PART NUMBER 


3120BA402T060AM 
3120BB482T060AM 
3120BC642T060AM 
3120BD802T060AM 
3120BE962T060AM 
3120BF113T060AM 
3120BG123T060AM 
3120BH143T060AM 
3120DA722T060AM 
3120DB862T060AM 
3120D0113T060AM 
3120DD143T060AM 
3120DE173T060AM 
3120DF203T060AM 
3120DG233T060AM 
3120DH263T060AM 
3120EA752T060AM 
3120EB113T060AM 
3120EC153T060AM 
3120ED183T060AM 
3120EE223T060AM 

3120EF263T060AM 

3120EG303T060AM 
3120EH333T060AM 
3120FB183T060AM 

3120FC253T060AM 

3120FD313T060AM 

3120FE373T060AM 

3120FF433T060AM 

3120FG503T060AM 

3120FH563T060AM 

3120GC363T060AM 
3120GD463T060AM 
3120GE553T060AM 
3120GF643T060AM 

3120GG733T060DM 
3120GH833T060DM 
3120GN134T060DM 


60.0 VDC WORKING 90.0 SURGE 


MAXIMUM 
ESR 
OHMS 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
120HZ,85C 


CAPACITANCE | PHILIPS COMPONENTS 
UF 


PART NUMBER 


3120BA252T075AM 
3120BB302T075AM 
3120BC402T075AM 
3120BD502T075AM 
3120BE612T075AM 
3120BF702T075AM 
3120BG802T075AM 
3120BH902T075AM 
3120DA462T075AM 
3120DB552T075AM 
3120D0732T075AM 
3120DD922T075AM 
3120DE113T075AM 
3120DF123T075AM 
3120DG143T075AM 
3120DH163T075AM 
3120EA472T075AM 
3120EB712T075AM 
3120EC952T075AM 
3120ED113T075AM 
3120EE143T075AM 

3120EF163T075AM 

3120EG193T075AM 
3120EH213T075AM 
3120FB103T075AM 

3120FC133T075AM 

3120FD173T075AM 
3120FE203T075AM 

3120FF243T075AM 

3120FG273T075AM 

3120FH313T075AM 

3120GC203T075AM 
3120GD253T075AM 
3120GE303T075AM 
3120GF353T075AM 

3120GG403T075AM 
3120GH453T075AM 
3120GN743T075DM 


75.0 VDC WORKING 100.0 SURGE 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
120HZ,85C 
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CAPACITANCE | PHILIPS COMPONENTS 
U 


PART NUMBER 


3120BA152T085AM 
3120BB182T085AM 
3120BC0252T085AM 
3120BD312T085AM 
3120BE372T085AM 
3120BF432T085AM 
3120BG492T085AM 
3120BH552T085AM 
3120DA282T085AM 
3120DB342T085AM 
3120D0452T085AM 
3120DD572T085AM 
3120DE682T085AM 
3120DF802T085AM 
3120DG912T085AM 
3120DH103T085AM 
3120EA292T085AM 
3120EB442T085AM 
3120EC592T085AM 
3120ED742T085AM 
3120EE892T085AM 
3120EF103T085AM 
3120EG113T085AM 
3120EH133T085AM 
3120FB642T085AM 
3120FC852T085AM 
3120FD103T085AM 
3120FE123T085AM © 
3120FF1IS3T085AM 
3120FG173T085AM 
3120FH193T085AM 
3120GC123T085AM 
3120GD153T085AM 
3120GE183T085AM 
3120GF223T085AM 
3120GG253T085AM 
3120GH283T085AM 
3120GN463T085DM 


85.0 VDC WORKING 105.0 SURGE 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


SERIES 3120 


100.0 VDC WORKING 150.0 SURGE 


CAPACITANCE | PHILIPS COMPONENTS 
UF PART NUMBER 


3120BA871T100AM 
3120BB102T100AM 
3120BC0132T100AM 
3120BD172T100AM 
3120BE202T100AM 
3120BF232T100AM 
3120BG272T100AM 
3120BH302T100AM 
3120DA152T100AM 
3120DB182T100AM 
3120D0252T100AM 
3120DD312T100AM 
3120DE372T100AM 
3120DF442T100AM 
3120DG502T100AM 
3120DH562T100AM 
3120EA162T100AM 
3120EB242T100AM 
3120EC322T100AM 
3120ED402T100AM 
3120EE482T100AM 
3120EF572T100AM 
3120EG652T100AM 
3120EH732T100AM 
3120FB352T100AM 
3120FC472T100AM 
3120FD592T100AM 
3120FE712T100AM 
3120FF832T100AM 
3120FG942T100AM 
3120FH103T100AM 
3120GC702T100AM 
3120GD872T100AM 
3120GE103T100AM 
3120GF123T100AM 
3120GG143T100AM 
3120GH153T100AM 
3120GN253T100DM 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 
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SERIES 3120 


125.0 VDC WORKING 150.0 SURGE 


16 


CAPACITANCE | PHILIPS COMPONENTS 
: UF 


PART NUMBER 


3120BA621T125AM 
3120BB741T125AM 
3120BC991T125AM 
3120BD122T125AM 
3120BE142T125AM 
3120BF172T125AM 
3120BG192T125AM 
3120BH222T125AM 
3120DA112T125AM 
3120DB132T125AM 
3120D0182T125AM 
3120DD222T125AM 
3120DE272T125AM 
3120DF312T125AM 
3120DG362T125AM 
3120DH402T125AM 
3120EA112T125AM 
3120EB172T125AM 
3120EC232T125AM 
3120ED292T125AM 
3120EE352T125AM 
3120EF412T125AM 

3120EG472T125AM 
3120EH532T125AM 
3120FB292T125AM 

3120FC392T125AM 

3120FD492T125AM 
3120FE592T125AM 

3120FF692T125AM 

3120FG782T125AM 
3120FH882T125AM 
3120GC582T125AM 
3120GD722T125AM 
3120GE872T125AM 
3120GF103T125AM 

3120GG113T125AM 
3120GH133T125AM 
3120GN213T125DM 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 


150.0 VDC WORKING 200.0 SURGE 


CAPACITANCE | PHILIPS COMPONENTS 


PART NUMBER 


3120BA561T150AM 
3120BB681T150AM 
3120B0931T150AM 
3120BD112T150AM 
3120BE142T150AM 
3120BF162T150AM 
3120BG182T150AM 
3120BH202T150AM 
3120DA102T150AM 
3120DB122T150AM 
3120D0172T150AM 
3120DD212T150AM 
3120DE252T150AM 
3120DF292T150AM 
3120DG342T150AM 
3120DH382T150AM 
3120EA102T150AM 
3120EB162T150AM 
3120EC222T150AM 
3120ED272T150AM 
3120EE332T150AM 
3120EF382T150AM 
3120EG442T150AM 
3120EH492T150AM 
3120FB262T150AM © 
3120FC372T150AM 
3120FD462T150AM 
3120FE552T150AM 
3120FF642T150AM 
3120FG742T150AM 
3120FH832T150AM 
3120GC542T150AM 
3120GD682T150AM 
3120GE822T150AM 
3120GF952T150AM 


— 3120GG103T150AM 


3120GH113T150AM 
3120GN203T150DM 
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CAPACITANCE | PHILIPS COMPONENTS 


PART NUMBER 


3120BA421T200AM 
3120BB501T200AM 
3120BC691T200AM 
3120BD871T200AM 
3120BE102T200AM 
3120BF112T200AM 
3120BG132T200AM 
3120BH152T200AM 
3120DA771T200AM 
3120DB921T200AM 
3120D0122T200AM 
3120DD152T200AM 
3120DE192T200AM 
3120DF222T200AM 
3120DG252T200AM 
3120DH282T200AM 
3120EA791T200AM 
3120EB112T200AM 
3120EC162T200AM 
3120ED202T200AM 
3120EE242T200AM 
3120EF282T200AM 
3120EG332T200AM 
3120EH372T200AM 
3120FB202T200AM 
3120FC272T200AM 
3120FD342T200AM 
3120FE412T200AM 
3120FF482T200AM 
3120FG552T200AM 
3120FH622T200AM 
3120GC402T200AM 
3120GD502T200AM 
3120GE612T200AM 
3120GF712T200AM 
3120GG812T200AM 
3120GH912T200AM 
3120GN143T200DM 


200.0 VDC WORKING 250.0 SURGE 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
120HZ,85C 


250.0 VDC WORKING 300.0 SURGE 


CAPACITANCE 
UF 


SERIES 3120 


PHILIPS COMPONENTS 


PART NUMBER 


3120BA331T250AM 
3120BB391T250AM 
3120B0541T250AM 
3120BD681T250AM 
3120BE811T250AM 
3120BF931T250AM 
3120BG102T250AM 
3120BH112T250AM 
3120DA601T250AM 
3120DB721T250AM 
3120D0991T250AM 
3120DD122T250AM 
3120DE142T250AM 
3120DF172T250AM 
3120DG192T250AM 
3120DH222T250AM 
3120EA621T250AM 
3120EB931T250AM 
3120EC122T250AM 
3120ED162T250AM 
3120EE192T250AM 
3120EF222T250AM 
3120EG252T250AM 
3120EH292T250AM 
3120FB152T250AM 
3120FC212T250AM 
3120FD272T250AM 
3120FE322T250AM 
3120FF372T250AM 
3120FG432T250AM 
3120FH482T250AM 
3120GC312T250AM 
3120GD392T250AM 
3120GE472T250AM 
3120GF552T250AM 
3120GG632T250AM 
3120GH712T250AM 
3120GN113T250DM 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 
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SERIES 3186 


Computer Grade Capacitors 


Computer-Grade Aluminum 


Electrolytic Capacitors 


DESCRIPTION: 


Philips Components’ Series 3186 Computer- 
Grade Aluminum Electrolytic Capacitors are 
designed for use in the most demanding data- 
system and industrial-control applications. They 
provide the highest attainable reliability in this 
Class of capacitors, with generous safety margins 
Insured by computer designing and painstaking 
manufacturing control. 


This family of capacitors offers the widest range 
of capacity/voltage combinations ever offered 
in heavy-duty computer-grade electrolytics. 
Combined with 39 standard case sizes and five 
terminal options, the Series 3186 Capacitors can 
provide a suitable standard product for nearly 
every application. In addition, the ripple-current 
ratings for these units meet or exceed all indus- 
try requirements for similar products. These 
capacitors are suitable for all applications where 
long life at high operating temperatures without 
derating is required in a standard computer- 
grade product. 


FEATURES: 


@ 1000 Hours Operating Life at 85°C with ripple. 
@ Highest Capacitance per case size. | 


™@ Meets or exceeds all requirements for EIA- 
RS395 for type Il capacitors. 


= Computer-designed for optimum performance. 
= Three Standard Insulation Thicknesses. 

@ 39 Standard Case Sizes. 

m@ Pressure-Sensitive Safety Vent. 
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CAPACITANCE 
UF 


91000 
61000 
82000 
100000 
110000 
130000 
150000 
180000 
91000 
100000 
140000 
180000 
210000 
250000 
290000 
320000 
110000 
130000 
180000 
230000 
260000 
330000 
370000 
420000 
230000 
310000 
390000 
470000 
990000 
630000 
710000 
460000. 
980000 
690000 
810000 
930000 
1000000 
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PHILIPS COMPONENTS 


PART NUMBER 


3186BA513U6P5AM 
3186BB613U6P5AM 
3186BC823U6P5AM 
3186BD104U6P5AM 
3186BE114U6P5AM 
3186BF134U6P5AM 
3186BG154U6P5AM 
3186BH184U6P5AM 
3186DA913U6P5AM 
3186DB104U6P5AM 
3186DC144U6P5AM 
3186DD184U6P5AM 
3186DE214U6P5AM 
3186DF254U6P5AM 
3186DG294U6P5AM 
3186DH324U6P5AM 
3186EA114U6P5AM 
3186EB134U6P5AM 
3186EC184U6P5AM 
3186ED234U6P5AM 
3186EE264U6P5AM 
3186EF334U6P5AM 
3186EG374U6P5AM 
3186EH424U6P5AM 
3186FB234U6P5AM 
3186FC314U6P5AM 
3186FD394U6P5AM 
3186FE474U6P5AM 
3186FF554U6P5AM 
3186FG634U6P5AM 
3186FH714U6P5AM 
3186GC464U6P5AM 
3186GD584U6P5AM 
3186GE694U6P5DM 
3186GF814U6P5DM 
3186GG934U6P5DM 
3186GH105U6P5DM 


6.5 VDC WORKING 9 SURGE 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 


CAPACITANCE | PHILIPS COMPONENTS 


160000 
83000 
99000 

130000 

160000 

190000 

230000 

260000 

290000 

100000 

120000 

160000 

210000 

290000 

280000 

340000 

380000 

210000 

280000 

350000 

430000 

900000 

970000 

640000 

420000 

530000 

630000 

740000 

840000 

950000 


PART NUMBER 


3188BA463U7P5AM 
3186BB563U7P5AM 
3186BC743U7P5AM 


— 3186BD933U7P5AM 


3186BE104U7P5AM 
3186BF124U7P5AM 
3186BG144U7P5AM 
3186BH164U7P5AM 
3186DA833U7P5AM 
3186DB993U7P5AM 
3186D0134U7P5AM 
3186DD164U7P5AM 
3186DE194U7P5AM 
3186DF234U7P5AM 
3186DG264U7P5AM 
3186DH294U7P5AM 
3186EA104U7P5AM 
3186EB124U7P5AM 
3186EC164U7P5AM 


3186ED214U7P5AM | 


3186EE254U7P5AM 
3186EF284U7P5AM 
3186EG344U7P5AM 
3186EH384U7P5AM 
3186FB214U7P5AM 
3186FC284U7P5AM 
3186FD354U7P5AM 
3186FE434U7P5AM 
3186FF504U7P5AM 
3186FG574U7P5AM 
3186FH644U7P5AM 
3186GC424U7P5AM 
3186GD534U7P5AM 


3186GE634U7P5DM. 


3186GF744U7P5DM 
3186GG844U7P5DM 
3186GH954U7P5DM 


MAXIMUM 
ESR 
OHMS 

120HZ,25C 


SERIES 3186 


7.5 VDC WORKING 9 SURGE 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
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SERIES 3186 


10.0 VDC WORKING 12.0 SURGE 


15.0 VDC WORKING 18.0 SURGE 


> 
= MAX. RMS MAX. RMS 
= MAXIMUM | RIPPLE MAXIMUM | RIPPLE 
= ESR CURRENT ESR CURRENT 
wa CAPACITANCE | PHILIPS COMPONENTS OHMS AMPS AT CAPACITANCE | PHILIPS COMPONENTS OHMS AMPS AT 
= PART NUMBER 120HZ,25C U PART NUMBER 120HZ,25C 
= 41000 3186BA413U010AM 30000 3186BA303U015AM 
49000 3186BB493U010AM 36000 3186BB363U015AM 
mM 65000 3186BC653U010AM 48000 3186BC483U015AM 
o 82000 3186BD823U010AM 60000 3186BD603U015AM 
& 98000 3186BE983U010AM 72000 3186BE723U015AM 
c 110000 3186BF114U010AM 84000 © 3186BF843U015AM 
120000 3186BG124U010AM 97000 3186BG973U015AM 
s) 140000 3186BH144U010AM 100000 3186BH104U015AM 
< 73000 3186DA733U010AM 93000 3186DA533U015AM 
Pe 87000 3186DB873U010AM 64000 3186DB643U015AM 
~ 110000 3186D0114U010AM 86000 3186DC0863U015AM 
140000 3186DD144U010AM 100000 3186DD104U015AM 
?) 170000 3186DE174U010AM 120000 3186DE124U015AM 
y 200000 3186DF204U010AM 150000 3186DF154U015AM 
Ss 230000 3186DG234U010AM 170000 3186DG174U015AM 
% 260000 3186DH264U010AM 190000 3186DH194U015AM 
© 94000 3186EA943U010AM 69000 3186EA693U015AM 
Be 110000 3186EB114U010AM 83000 3186EB833U015AM 
8 140000 3186EC144U010AM 110000 3186EC114U015AM 
va 180000 3186ED184U010AM 130000 3186ED134U015AM 
“ 220000 3186EE224U010AM 160000 3186EE164U015AM 


20 


250000 
290000 
340000 
180000 
250000 
310000 
370000 
440000 
900000 
960000 
370000 
460000 
990000 
650000 
740000 
830000 


3186EF254U010AM 
3186EG294U010AM 
3186EH344U010AM 
3186FB184U010AM 
3186FC254U010AM 
3186FD314U010AM 
3186FE374U010AM 
3186FF444U010AM 
3186FG504U010AM 
3186FH564U010AM 
3186GC374U010AM 
3186GD464U010AM 
3186GE554U010AM 
3186GF654U010DM 
3186GG744U010DM 
3186GH834U010DM 


190000 
220000 
250000 
130000 


~ 180000 


230000 
270000 
320000 


370000. 


410000 
270000 
340000 
410000 
480000 
940000 
610000 


3186EF194U015AM 
3186EG224U015AM 
3186EH254U015AM 
3186FB134U015AM 
3186FC184U015AM 
3186FD234U015AM 
3186FE274U015AM 
3186FF324U015AM 
3186FG374U015AM 
3186FH414U015AM 
3186GC274U015AM 
3186GD344U015AM 
3186GE414U015AM 
3186GF484U015AM 
3186GG544U015DM 
3186GH614U015DM 
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SERIES 3186 1 


20.0 VDC WORKING 24.0 SURGE 25.0 VDC WORKING 30.0 SURGE je 
MAX. RMS © 
MAXIMUM | RIPPLE MAXIMUM = 
ESR CURRENT ESR ~s 
CAPACITANCE | PHILIPS COMPONENTS OHMS | AMPS AT CAPACITANCE | PHILIPS COMPONENTS OHMS ~ | 
U PART NUMBER 120HZ,25C | 120HZ,85C UF PART NUMBER 120HZ,25C is 
25000 3186BA253U020AM 20000 3186BA203U025AM | 3 
30000 3186BB303U020AM 24000 3186BB243U025AM ry 
41000 3186BC413U020AM 32000 3186BC323U025AM ™ 
51000 3186BD513U020AM 40000 3186BD403U025AM S 
61000 3186BE613U020AM 48000 3186BE483U025AM ob 
72000 3186BF723U020AM 56000 3186BF563U025AM my 
82000 3186BG823U020AM 64000 3186BG643U025AM 8 
92000 3186BH923U020AM 72000 3186BH723U025AM < 
45000 3186DA453U020AM 35000 3186DA353U025AM eb 
55000 3186DB553U020AM 42000 3186DB423U025AM ms 
73000 3186DC733U020AM 57000 3186DC573U025AM mD 
91000 3186DD913U020AM 71000 3186DD713U025AM 9 
110000 3186DE114U020AM 85000 3186DE853U025AM % 
120000 3186DF124U020AM 100000 3186DF104U025AM 3 
140000 - | 3186DG144U020AM 110000 3186DG114U025AM 9 
160000 3186DH164U020AM 120000 3186DH124U025AM 8 
59000 3186EA593U020AM 46000 3186EA463U025AM. ~t 
71000 3186EB713U020AM 55000 3186EB553U025AM ] 
95000 3186EC953U020AM 74000 3186EC743U025AM ry 
110000 3186ED114U020AM 92000 3186ED923U025AM ve) 
140000 3186EE144U020AM 110000 3186EE114U025AM 
160000 3186EF164U020AM 120000 3186EF124U025AM 
190000 3186EG194U020AM 140000 3186EG144U025AM 
210000 3186EH214U020AM 160000 3186EH164U025AM 
110000 3186FB114U020AM 92000 3186FB923U025AM 
150000 3186FC154U020AM 120000 - 3186FC124U025AM 
190000 3186FD194U020AM 150000 3186FD154U025AM 
230000 3186FE234U020AM 180000 | 3186FE184U025AM 
270000 - 3186FF274U020AM 210000 3186FF214U025AM 
310000 3186FG314U020AM 240000 3186FG244U025AM 
350000 3186FH354U020AM 270000 3186FH274U025AM 
230000 3186GC234U020AM 180000 3186GC184U025AM 
290000 3186GD294U020AM 220000 3186GD224U025AM 
350000 3186GE354U020AM 270000 3186GE274U025AM 
400000 3186GF404U020AM 310000 3186GF314U025AM 
460000 3186GG464U020DM 360000 3186GG364U025DM 
520000 410000 3186GH414U025DM 


3186GH524U020DM 


650000 3186GN654U025DM 
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SERIES 3186 


30.0 VDC WORKING 40.0 SURGE 


35.0 VDC WORKING 45.0 SURGE 


= MAX. RMS | 
is MAXIMUM | RIPPLE MAXIMUM 
e ESR | CURRENT | ESR 
~H CAPACITANCE | PHILIPS COMPONENTS OHMS AMPS AT CAPACITANCE | PHILIPS COMPONENTS OHMS 
= U PART NUMBER 120HZ,25C | 120HZ,85C PART NUMBER 120HZ,25C 
5 13000 3186BA133U030AM 11000 3186BA113U035AM 
16000 3186BB163U030AM 13000 3186BB133U035AM 
Bey 21000 3186BC213U030AM 18000 3186BC183U035AM 
™ 26000 3186BD263U030AM 23000 3186BD233U035AM 
1) 32000 3186BE323U030AM 27000 3186BE273U035AM 
Hy 37000 3186BF373U030AM 32000 3186BF323U035AM 
te 42000 3186BG423U030AM 36000 3186BG363U035AM 
S 48000 3186BH483U030AM 41000 3186BH413U035AM 
> 23000 3186DA233U030AM 20000 3186DA203U035AM 
pl 28000 3186DB283U030AM 24000 3186DB243U035AM 
mee 37000 3186DC373U030AM 32000 3186DC323U035AM 
ir) 47000 3186DD473U030AM 40000 3186DD403U035AM 
e 56000 3186DE563U030AM 48000 3186DE483U035AM 
Gs 66000 3186DF663U030AM 56000 3186DF563U035AM 
75000 3186DG753U030AM 65000 3186DG653U035AM 
93 85000 3186DH853U030AM 73000 3186DH733U035AM 
es 30000 3186EA303U030AM 26000 3186EA263U035AM 
x 36000 3186EB363U030AM 31000 3186EB313U035AM 
& 49000 3186EC493U030AM 42000 3186EC423U035AM 
te 61000 3186ED613U030AM 52000 3186ED523U035AM 
7) 73000 3186EE733U030AM 63000 3186EE633U035AM 


22 


85000 

98000 
110000 

61000 

81000 
100000 
120000 
140000 
160000 
180000 
120000 
150000 
180000 
210000 
240000 
270000 
430000 
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3186EF853U030AM 

3186EG983U030AM 
3186EH114U030AM 
3186FB613U030AM 

3186FC813U030AM 

3186FD104U030AM 
3186FE124U030AM 

3186FF144U030AM 

3186FG164U030AM 
3186FH184U030AM 
3186GC0124U030AM 
3186GD154U030AM 
3186GE184U030AM 
3186GF214U030AM 
3186GG244U030AM 
3186GH274U030AM 
3186GN434U030DM 


73000 
84000 
94000 
52000 
70000 
87000 
100000 
120000 
140000 
150000 
100000 
120000 
150000 
180000 
200000 
230000 
370000 


3186EF733U035AM 
3186EG843U035AM 
3186EH943U035AM 


3186FB523U035AM | 


3186FC703U035AM 

3186FD873U035AM 
3186FE104U035AM 

3186FF124U035AM 

3186FG144U035AM 
3186FH154U035AM 
3186GC104U035AM 
3186GD124U035AM 
3186GE154U035AM 
3186GF184U035AM 
3186GG204U035AM 
3186GH234U035AM 
3186GN374U035DM 


SERIES 3186 o 


40.0 VDC WORKING 50.0 SURGE 50.0 VDC WORKING 65.0 SURGE S 
MAX. RMS e 
MAXIMUM | RIPPLE MAXIMUM = 
ESR CURRENT ESR ~ 
CAPACITANCE | PHILIPS COMPONENTS OHMS AMPS AT CAPACITANCE | PHILIPS COMPONENTS OHMS | 
UF PART NUMBER 120HZ,25C | 120HZ,85C UF PART NUMBER 120HZ,25C e 
9800 3186BA982U040AM 7700 3186BA772U050AM “ 
11000 3186BB113U040AM 9300 3186BB932U050AM Re 
15000 3186BC153U040AM 12000 3186BC123U050AM ~ 
19000 3186BD193U040AM 15000 3186BD153U050AM tp 
23000 3186BE233U040AM 18000 3186BE183U050AM 0) 
27000 3186BF273U040AM 21000 3186BF213U050AM ¢ 
31000 3186BG313U040AM 24000 3186BG243U050AM es) 
35000 3186BH353U040AM 28000 3186BH283U050AM "Sy 
17000 3186DA173U040AM 13000 3186DA133U050AM ‘< 
20000 3186DB203U040AM 16000 3186DB163U050AM a 
27000 3186DC273U040AM 22000 3186DC223U050AM LY) 
34000 3186DD343U040AM 27000 3186DD273U050AM 9g 
41000 3186DE413U040AM 33000 3186DE333U050AM % 
48000 3186DF483U040AM 38000 3186DF383U050AM 3 
55000 3186DG553U040AM 44000 3186DG443U050AM G5 
62000 3186DH623U040AM 49000 3186DH493U050AM & 
22000 3186EA223U040AM 17000 3186EA173U050AM pt 
27000 3186EB273U040AM 21000 3186EB213U050AM at 
36000 3186EC363U040AM 28000 3186EC283U050AM Be 
45000 3186ED453U040AM 35000 3186ED353U050AM 7) 
54000 3186EE543U040AM 42000 3186EE423U050AM > 
63000 3186EF633U040AM 50000 3186EF503U050AM 
72000 3186EG723U040AM 57000 3186EG573U050AM 
81000 3186EH813U040AM 64000 3186EH643U050AM 
45000 3186FB453U040AM 35000 3186FB353U050AM 
60000 3186FC603U040AM 47000 3186FC473U050AM 
75000 3186FD753U040AM 59000 3186FD593U050AM 
90000 3186FE903U040AM 71000 3186FE713U050AM 
100000 3186FF104U040AM 83000 3186FF833U050AM 
120000 3186FG124U040AM 95000 3186FG953U050AM 
130000 3186FH134U040AM 100000 3186FH104U050AM 
88000 3186GC883U040AM 70000 3186GC703U050AM 
110000 3186GD114U040AM 87000 3186GD873U050AM 
130000 3186GE134U040AM 100000 3186GE104U050AM 
150000 3186GF154U040AM 120000 3186GF124U050AM 
170000 3186GG174U040AM 140000 3186GG144U050AM 
190000 3186GH194U040AM 150000 3186GH154U050AM 
320000 3186GN324U040DM 250000 3186GN254U050DM 
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SERIES 3186 


CAPACITANCE 


24 


UF 


4900 
9900 
7900 
9800 
11000 
13000 
15000 
17000 
8700 
10000 
14000 
17000 
21000 
24000 
28000 
31000 
11000 
13000 
18000 
22000 
27000 
31000 
36000 
40000 
18000 
24000 
30000 
36000 
42000 
48000 
54000 
35000 
44000 
93000 
62000 
71000 
80000 
130000 


PHILIPS COMPONENTS 


PART NUMBER 


3186BA492U063AM 
3186BB592U063AM 
3186BC792U063AM 
3186BD982U063AM 
3186BE113U063AM 
3186BF133U063AM 
3186BG153U063AM 
3186BH1/73U063AM 
3186DA872U063AM 
3186DB103U063AM 
3186DC0143U063AM 
3186DD173U063AM 
3186DE213U063AM 
3186DF243U063AM 
3186DG283U063AM 
3186DH313U063AM 
3186EA113U063AM 
3186EB133U063AM 
3186EC183U063AM 
3186ED223U063AM 
3186EE273U063AM 

3186EF313U063AM 

3186EG363U063AM 
3186EH403U063AM 
3186FB183U063AM 

3186FC243U063AM 

3186FD303U063AM 
3186FE363U063AM 

3186FF423U063AM 

3186FG483U063AM 
3186FH543U063AM 
3186GC353U063AM 
3186GD443U063AM 
3186GE533U063AM 
3186GF623U063AM 

3186GG713U063AM 
3186GH803U063AM 
3186GN134U063AM 


63.0 VDC WORKING 85.0 SURGE 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


110000 


PART NUMBER 


3186BA442U075AM 
3186BB532U075AM 
3186BC712U075AM 
3186BD892U075AM 
3186BE103U075AM 
3186BF123U075AM 
3186BG143U075AM 
3186BH163U075AM 
3186DA792U075AM 
3186DB952U075AM 
3186DC123U075AM 
3186DD153U075AM 
3186DE193U075AM 
3186DF223U075AM 
3186DG253U075AM 
3186DH283U075AM 
3186EA103U075AM 
3186EB123U075AM 
3186EC163U075AM 
3186ED203U075AM 
3186EE243U075AM 

3186EF283U075AM 

3186EG323U075AM 
3186EH373U075AM 
3186FB163U075AM 

3186FC223U075AM 

3186FD273U075AM 
3186FE333U075AM 

3186FF383U075AM 

3186FG443U075AM 
3186FH493U075DM 
3186GC323U075AM 
3186GD403U075AM 
3186GE483U075AM 
3186GF573U075AM 

3186GG653U075AM 
3186GH733U075AM 
3186GN114U075AM 


75.0 VDC WORKING 95.0 SURGE 


MAXIMUM 


Philips Components ° 6071 St. Andrews Road * Columbia, SC 29212-3198 « (803) 772-2500 * FAX: (803) 772-2445 


_ SERIES 3186 ae 


100.0 VDC WORKING 125.0 SURGE 


MAX. RMS 
MAXIMUM | RIPPLE 
ESR CURRENT 
CAPACITANCE | PHILIPS COMPONENTS OHMS AMPS AT 
UF PART NUMBER 120HZ,25C 


3186BA222U100AM 
3186BB262U100AM 
3186BC352U100AM 
3186BD442U100AM 
3186BE532U100AM 
3186BF612U100AM 
3186BG702U100AM 
3186BH792U100AM 
3186DA392U100AM 
3186DB472U100AM 
3186D0622U100AM 
3186DD782U100AM 
3186DE942U100AM 
3186DF113U100AM 
3186DG123U100AM 
3186DH143U100AM 
3186EA512U100AM 
3186EB612U100AM 
3186EC812U100AM 
3186ED103U100AM 
3186EE123U100AM 
3186EF143U100AM 
3186EG163U100AM 
3186EH183U100AM 
3186FB103U100AM 
3186FC133U100AM 
3186FD173U100AM 
3186FE203U100AM 
3186FF233U100AM 
3186FG273U100AM 
3186FH303U100AM 
3186GC203U100AM 
3186GD253U100AM: 
3186GE303U100AM 
3186GF353U100AM 
3186GG403U100AM 
3186GH453U100AM 
3186GN723U100AM 
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CAPACITANCE 
UF 
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SERIES 3186 


125.0 VDC WORKING 150.0 SURGE 


PHILIPS COMPONENTS 


PART NUMBER 


3186BA112T125AM 
3186BB142T125AM 
3186B0182T125AM 
3186BD232T125AM 
3186BE282T125AM 
3186BF322T125AM 
3186BG372T125AM 
3186BH422T125AM 
3186DA212T125AM 
3186DB252T125AM 
3186D0332T125AM 
3186DD422T125AM 
3186DE502T125AM 
3186DF582T125AM 
3186DG672T125AM 
3186DH752T125AM 
3186EA272T125AM 
3186EB322T125AM 
3186EC432T125AM 
3186ED542T125AM 
3186EE652T125AM 
3186EF/762T125AM 

3186EG872T125AM 
3186EH982T125AM 
3186FB542T125AM 

3186FC732T125AM 

3186FD912T125AM 
3186FE103T125AM 

3186FF123T125AM 

3186FG143T125AM 
3186FH163T125AM 
3186G60103T125AM 
3186GD133T125AM 
3186GE163T125AM 
3186GF183T125AM 

3186GG213T125AM 
3186GH243T125AM 
3186GN393T125AM 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
120HZ,85C 


150.0 VDC WORKING 175.0 SURGE 


CAPACITANCE | PHILIPS COMPONENTS 
UF 


PART NUMBER 


3186BA821T150AM 
3186BB991T150AM 
3186B0132T150AM 
3186BD162T150AM 
3186BE192T150AM 
3186BF232T150AM 
3186BG262T150AM 
3186BH292T150AM 
3186DA142T150AM 
3186DB172T150AM 
3186D0232T150AM 
3186DD292T150AM 
3186DE352T150AM 
3186DF412T150AM 
3186DG472T150AM 
3186DH532T150AM 
3186EA192T150AM 
3186EB232T150AM 
3186EC302T150AM 
3186ED382T150AM 
3186EE462T150AM 

3186EF532T150AM 

3186EG612T150AM 
3186EH692T150AM 
3186FB382T150AM 

3186FC512T150AM 

3186FD642T150AM 

3186FE772T150AM 

3186FF902T150AM 

3186FG103T150AM 

3186FH113T150AM 

3186GC762T150AM 
3186GD952T150AM 
3186GE113T150AM 

3186GF133T150AM 

3186GG153T150AM 
3186GH173T150AM 
3186GN273T150AM 
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SERIES 3186 


200.0 VDC WORKING 250.0 SURGE 


CAPACITANCE 
UF 
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PHILIPS COMPONENTS 


PART NUMBER 


3186BA491T200AM 
3186BB591T200AM 
3186BC811T200AM 
3186BD102T200AM 
3186BE122T200AM 
3186BF142T200AM 
3186BG162T200AM 
3186BH182T200AM 
3186DA881T200AM 
3186DB102T200AM 
3186D0142T200AM 
3186DD182T200AM 
3186DE212T200AM 
3186DF252T200AM 
3186DG292T200AM 
3186DH322T200AM 
3186EA112T200AM 
3186EB132T200AM 
3186EC182T200AM 
3186ED232T200AM 
3186EE282T200AM 


3186EF332T200AM | 


3186EG372T200AM 
3186EH422T200AM 
3186FB232T200AM 
3186FC312T200AM 
3186FD392T200AM 
3186FE472T200AM 
3186FF552T200AM 
3186FG632T200AM 
3186FH712T200AM 
3186GC462T200AM 
3186GD582T200AM 


3186GE702T200AM ~ 


3186GF812T200AM 
3186GG932T200AM 
3186GH103T200AM 
3186GN163T200AM 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 


250.0 VDC WORKING 300.0 SURGE 


CAPACITANCE 
UF 


PHILIPS COMPONENTS 


PART NUMBER 


3186BA361T250AM 
3186BB441T250AM 
3186BC601T250AM 
3186BD751T250AM 
3186BE901T250AM 
3186BF102T250AM 
3186BG122T250AM 
3186BH132T250AM 
3186DA651T250AM 
3186DB791T250AM 
3186D0102T250AM 
3186DD132T250AM 
3186DE162T250AM 
3186DF182T250AM 
3186DG212T250AM 
3186DH242T250AM 
3186EA851T250AM 
3186EB102T250AM 
3186EC142T250AM 
3186ED172T250AM 
3186EE212T250AM 

3186EF242T250AM 

3186EG282T250AM 
3186EH312T250AM 
3186FB172T250AM 

3186FC232T250AM 

3186FD292T250AM 
3186FE352T250AM 

3186FF412T250AM 

3186FG472T250AM 
3186FH522T250AM 
3186GC342T250AM 
3186GD432T250AM 
3186GE522T250AM 
3186GF602T250AM 
3186GG692T250AM 
3186GH782T250AM 
3186GN123T250AM 


MAXIMUM 


120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
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CAPACITANCE | PHILIPS COMPONENTS 


PART NUMBER 


3186BA301T300AM 
3186BB361T300AM 
3186BC501T300AM 
3186BD621T300AM 
3186BE751T300AM 
3186BF871T300AM 
3186BG102T300AM 
3186BH102T300AM 
3186DA541T300AM 
3186DB651T300AM 
3186DC891T300AM 
3186DD102T300AM 
3186DE132T300AM 
3186DF152T300AM 
3186DG172T300AM 
3186DH202T300AM 
3186EA701T300AM 
3186EB841T300AM 
3186EC112T300AM 
3186ED142T300AM 


3186EE172T300AM 


3186EF202T300AM 

3186EG232T300AM 
3186EH262T300AM 
3186FB142T300AM 
3186FC182T300AM 
3186FD242T300AM 
3186FE292T300AM 

3186FF332T300AM 

3186FG382T300AM 
3186FH432T300AM 
3186GC282T300AM 
3186GD352T300AM 
3186GE432T300AM 
3186GF502T300AM 
3186GG572T300AM 
3186GH642T300AM 
3186GN103T300AM 


SERIES 3186 


300.0 VDC WORKING 350.0 SURGE 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
120HZ,85C 


350.0 VDC WORKING 400.0 SURGE 


CAPACITANCE 
UF 


PHILIPS COMPONENTS 


PART NUMBER 


3186BA231T350AM 
3186BB281T350AM 
3186BC381T350AM 
3186BD481T350AM 
3186BE581T350AM 
3186BF681T350AM 
3186BG771T350AM 
3186BH871T350AM 
3186DA421T350AM 
3186DB501T350AM 
3186D0691T350AM 
3186DD871T350AM 
3186DE102T350AM 
3186DF112T350AM 
3186DG132T350AM 
3186DH152T350AM 
3186EA541T350AM 
3186EB651T350AM 
3186EC901T350AM 
3186ED102T350AM 
3186EE132T350AM 

3186EF152T350AM 

3186EG182T350AM 
3186EH202T350AM 
3186FB112T350AM 

3186FC142T350AM 

3186FD182T350AM 
3186FE222T350AM 

3186FF262T350AM 

3186FG302T350AM 

3186FH342T350AM 

3186GC222T350AM 
3186GD272T350AM 
3186GE332T350AM 
3186GF392T350AM 

3186GG442T350AM 
3186GH502T350AM 
3186GN812T350AM 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 
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CAPACITANCE | PHILIPS COMPONENTS 
UF 


3186BA201T400AM 
3186BB241T400AM 
3186BC331T400AM 
3186BD411T400AM 
3186BE501T400AM 
3186BF581T400AM 
3186BG661T400AM 
3186BH751T400AM 
3186DA361T400AM 
3186DB431T400AM 
3186DC591T400AM 
3186DD741T400AM 
3186DE891T400AM 
3186DF102T400AM 
3186DG112T400AM 
3186DH132T400AM 
3186EA461T400AM 
3186EB561T400AM 
3186EC771T400AM 
3186ED961T400AM 
3186EE112T400AM 
3186EF132T400AM 
3186EG152T400AM 
3186EH172T400AM 
3186FB941T400AM 
3186FC122T400AM 
3186FD162T400AM 
3186FE192T400AM 
3186FF222T400AM 
3186FG252T400AM 
3186FH292T400AM 
3186GC192T400AM 
3186GD232T400AM 
3186GE282T400AM 
3186GF332T400AM 
3186GG382T400AM 
3186GH432T400AM 
3186GN692T400AM 


400.0 VDC WORKING 450.0 SURGE 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


SERIES 3186 


PHILIPS COMPONENTS 


PART NUMBER 


3186BA181T450AM 
3186BB221T450AM 
3186B0301T450AM 
3186BD381T450AM 
3186BE451T450AM 
3186BF531T450AM 
3186BG611T450AM 
3186BH681T450AM 
3186DA331T450AM 
3186DB391T450AM 
3186D0541T450AM 
3186DD681T450AM 
3186DE821T450AM 
3186DF951T450AM 
3186DG102T450AM 
3186DH112T450AM 
3186EA431T450AM 
3186EB511T450AM 


3186EC711T450AM | 


3186ED881T450AM 
3186EE102T450AM 
3186EF122T450AM 
3186EG132T450AM 
3186EH152T450AM 
3186FB861T450AM 
3186FC112T450AM 
3186FD142T450AM 


3186FE172T450AM | 


3186FF202T450AM 

3186FG232T450AM 
3186FH262T450AM 
3186GC172T450AM 
3186GD212T450AM 
3186GE262T450AM 
3186GF302T450AM 
3186GG352T450AM 
3186GH392T450AM 
3186GN632T450AM 


450.0 VDC WORKING 525.0 SURGE 


MAXIMUM 


120HZ,25C 


Philips Components * 6071 St. Andrews Road « Columbia, SC 29212-3198 + (803) 772-2500 « FAX: (803) 772-2445 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
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SERIES 3188 


Long-Life Computer-Grade 


DESCRIPTION: 
Series 3188 Long-Life Aluminum Electrolytic 
Capacitors are designed for those applications 
where a standard computer-grade product must 
operate under environmental and operational 
stresses more severe than those normally 
encountered. These units are constructed of 
the highest-quality materials and processed to 
achieve the low leakage current necessary for 
long shelf life and long operating life with high 
ripple currents. The Series 3188 features a 2000 
hour operating life at 105°C. It is available in 38 
standard case sizes with a choice of five terminal 
styles. Capacitance values up to 950,000uF are 


available. Computer-designed for optimum 
performance. 
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FEATURES: 


= 2000 hours operating life at 85°C with ripple. 
m Up to 45A Ripple Current at 85°C. 

= 39 Standard Case Sizes. 

= Low Leakage Current. 

= Computer-designed for optimum performance. 


= Meets all requirements for EIA-RS-395 for type 
| capacitors. 


= Voltage range: 6 to 400 WVDC. 
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SERIES 3188 


6.0 VDC WORKING 9.0 SURGE 7.5 VDC WORKING 10.0 SURGE 


MAXIMUM 
ESR 
CAPACITANCE | PHILIPS COMPONENTS OHMS CAPACITANCE | PHILIPS COMPONENTS 
PART NUMBER 120HZ,25C UF PART NUMBER 


46000 3188BA463U006AM | 44000 3188BA443U7P5AM 
96000 3188BB563U006AM 92000 3188BB523U7P5AM 
74000 3188BC743U006AM 70000 3188BC703U7P5AM 
93000 3188BD933U006AM : 88000 3188BD883U7P5AM 
100000 3188BE104U006AM ; 100000 3188BE104U7P5AM 
120000 3188BF124U006AM : 110000 3188BF114U7P5AM 
140000 3188BG144U006AM ; 130000 3188BG134U7P5AM 
160000 3188BH164U006AM 150000 3188BH154U7P5AM 
83000 3188DA833U006AM 78000 3188DA783U7P5AM 
99000 3188DB993U006AM 93000 3188DB933U7P5AM 
130000 3188DC134U006AM 120000 3188D0124U7P5AM 
160000 3188DD164U006AM . 150000 3188DD154U7P5AM 
190000 3188DE194U006AM 180000 3188DE184U7P5AM 
230000 3188DF234U006AM 210000 3188DF214U7P5AM 
260000 3188DG264U006AM 290000 3188DG254U7P5AM 
290000 3188DH294U006AM 280000 3188DH284U7P5AM 
100000 3188EA104U006AM 100000 3188EA104U7P5AM 
120000 3188EB124U006AM 110000 3188EB114U7P5AM 
160000 3188EC164U006AM 150000 3188EC154U7P5AM 
210000 3188ED214U006AM 190000 3188ED194U7P5AM 
290000 3188EE254U006AM 230000 3188EE234U7P5AM 
280000 3188EF284U006AM 280000 3188EF284U7P5AM 
340000 3188EG344U006AM 320000 3188EG324U7P5AM 
380000 3188EH384U006AM 360000 3188EH364U7P5AM 
210000 3188FB214U006AM 200000 3188FB204U7P5AM 
280000 3188FC284U006AM 270000 3188FC274U7P5AM 
350000 3188FD354U006DM 330000 3188FD334U7P5AM 
430000 3188FE434U006DM 400000. 3188FE404U7P5DM 
500000 3188FF504U006DM 450000 3188FF454U7P5DM 
970000 3188FG574U006DM 940000 3188FG544U7P5DM 
640000 3188FH644U006DM 600000 3188FH604U7P5DM 
420000 | 3188GC424U006DM 390000 3188GC394U7P5DM 
930000 3188GD534U006DM ; 490000 ~ 3188GD494U7P5DM 
630000 3188GE634U006DM 43. - 990000 3188GE594U7P5DM 
740000 3188GF744U006DM an | 690000 3188GF694U7P5DM 
840000 3188GG844U006DM | : 790000 3188GG794U7P5DM 
950000 3188GH954U006DM 890000 3188GH894U7P5DM 
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34000 
41000 
99000 


69000 


83000 

96000 
110000 
120000 

61000 

73000 

98000 
120000 
140000 
170000 
190000 
210000 

79000 

95000 
120000 
150000 
180000 
220000 
250000 
280000 
150000 
210000 
260000 
310000 
360000 
420000 
470000 
300000 
390000 
470000 
940000 
620000 
700000 
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CAPACITANCE | PHILIPS COMPONENTS 


PART NUMBER 


3188BA343U010AM 
3188BB413U010AM 
3188BC0553U010AM 
3188BD693U010AM 
3188BE833U010AM 
3188BF963U010AM 
3188BG114U010AM 
3188BH124U010AM 
3188DA613U010AM 
3188DB733U010AM 
3188DC983U010AM 
3188DD124U010AM 
3188DE144U010AM 
3188DF174U010AM 
3188DG194U010AM 
3188DH214U010AM 
3188EA793U010AM 
3188EB953U010AM 
3188EC124U010AM 
3188ED154U010AM 
3188EE184U010AM 

3188EF224U010AM 

3188EG254U010AM 
3188EH284U010AM 
3188FB154U010AM 

3188FC214U010AM 

3188FD264U010AM 

3188FE314U010DM 

3188FF364U010DM 

3188FG424U010DM 
3188FH474U010DM 
3188GC304U010DM 
3188GD394U010DM 
3188GE474U010DM 


—3188GF544U010DM 


3188GG624U010DM 
3188GH704U010DM 


SERIES 3188 


10.0 VDC WORKING 15.0 SURGE 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


SERIES 3188 


> 

15.0 VDC WORKING 20.0 SURGE 20.0 VDC WORKING 30.0 SURGE e 
MAXIMUM =f 

ESR 5" 


CAPACITANCE | PHILIPS COMPONENTS OHMS 
PART NUMBER 120HZ,25C 


MAXIMUM 
ESR 
CAPACITANCE | PHILIPS COMPONENTS OHMS 
UF PART NUMBER 


29000 
30000 
41000 
91000 
61000 
72000 
82000 
92000 
45000 
99000 
73000 
91000 
110000 
120000 
140000 
160000 
99000 
71000 
95000 
110000 
140000 
160000 
190000 
210000 
110000 
150000 
190000 
230000 
270000 
310000 
350000 
230000 
290000 
350000 
400000 
460000 
920000 
650000 
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3188BA253U015AM 
3188BB303U015AM 
3188B0413U015AM 
3188BD513U015AM 
3188BE613U015AM 
3188BF723U015AM 
3188BG823U015AM 


3188BH923U015AM | 


3188DA453U015AM 
3188DB553U015AM 
3188DC733U015AM 
3188DD913U015AM 
3188DE114U015AM 
3188DF124U015AM 
3188DG144U015AM 
3188DH164U015AM 
3188EA593U015AM 
3188EB713U015AM 
3188EC953U015AM 
3188ED114U015AM 
3188EE144U015AM 

3188EF164U015AM 

3188EG194U015AM 
3188EH214U015AM 
3188FB114U015AM 

3188FC154U015AM 

3188FD194U015AM 
3188FE234U015DM 


3188FF274U015DM ~ 


3188FG314U015DM 
3188FH354U015DM 
3188GC234U015DM 
3188GD294U015DM 
3188GE354U015DM 
3188GF404U015DM 
3188GG464U015DM 
3188GH524U015DM 
3188GN654U015DM 


20000 
24000 
32000 
40000 
48000 
96000 
64000 
72000 
35000 
42000 
57000 
71000 
85000 
100000 
110000 
120000 
46000 
99000 
74000 
92000 
110000 
120000 
140000 
160000 
92000 
120000 
150000 
180000 
210000 
240000 
270000 
180000 
220000 
270000 
310000 
360000 
410000 
650000 


3188BA203U020AM 
3188BB243U020AM 
3188BC323U020AM 
3188BD403U020AM 
3188BE483U020AM 
3188BF563U020AM 
3188BG643U020AM 
3188BH723U020AM 
3188DA353U020AM 
3188DB423U020AM 
3188DC573U020AM 
3188DD713U020AM 
3188DE853U020AM 
3188DF104U020AM 
3188DG114U020AM 
3188DH124U020AM 
3188EA463U020AM 
3188EB553U020AM 
3188EC743U020AM 
3188ED923U020AM 
3188EE114U020AM 
3188EF124U020AM 
3188EG144U020AM 
3188EH164U020AM 
3188FB923U020AM 
3188FC124U020AM 
3188FD154U020AM 
3188FE184U020AM 
3188FF214U020AM 
3188FG244U020DM 
3188FH274U020DM 
3188GC184U020AM 
3188GD224U020AM 
3188GE274U020DM 
3188GF314U020DM 
3188GG364U020DM 
3188GH414U020DM 
3188GN654U020DM 
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SERIES 3188 


CAPACITANCE | PHILIPS COMPONENTS 
F 
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17000 
20000 
27000 
34000 
40000 
47000 
54000 
61000 
30000 
36000 


- 48000 


60000 
72000 
84000 
96000 
100000 
39000 
47000 
62000 
78000 
94000 
100000 
120000 
140000 
78000 
100000 
130000 
150000 
180000 
200000 
230000 
150000 
190000 
230000 
260000 
300000 
340000 
950000 


PART NUMBER 


3188BA173U025AM 
3188BB203U025AM 
3188BC273U025AM 
3188BD343U025AM 
3188BE403U025AM 
3188BF473U025AM 
3188BG543U025AM 
3188BH613U025AM 
3188DA303U025AM 
3188DB363U025AM 
3188DC483U025AM 
3188DD603U025AM 
3188DE723U025AM 
3188DF843U025AM 
3188DG963U025AM 


3188DH104U025AM 


3188EA393U025AM 
3188EB473U025AM 
3188EC623U025AM 
3188ED783U025AM 
3188EE943U025AM 

3188EF104U025AM 

3188EG124U025AM 
3188EH144U025AM 
3188FB783U025AM 

3188FC104U025AM 

3188FD134U025AM 
3188FE154U025AM 

3188FF184U025DM 

3188FG204U025DM 
3188FH234U025DM 
3188GC154U025AM 
3188GD194U025DM 
3188GE234U025DM 
3188GF264U025DM 
3188GG304U025DM 
3188GH344U025DM 
3188GN554U025DM 


25.0 VDC WORKING 40.0 SURGE 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


14000 
17000 
23000 
29000 
35000 
41000 
47000 
93000 
26000 


31000 


42000 
92000 
63000 
73000 
84000 
94000 
34000 
41000 
94000 
98000 
82000 
95000 
100000 
120000 
68000 
91000 
110000 
130000 
150000 
180000 
200000 
130000 
160000 
200000 
230000 
260000 
300000 
480000 


CAPACITANCE | PHILIPS COMPONENTS 
U 


PART NUMBER 


3188BA143U030AM 
3188BB173U030AM 
3188BC233U030AM 
3188BD293U030AM 
3188BE353U030AM 
3188BF413U030AM 
3188BG473U030AM 
3188BH533U030AM 
3188DA263U030AM 
3188DB313U030AM 
3188D0423U030AM 
3188DD523U030AM 
3188DE633U030AM 
3188DF733U030AM 
3188DG843U030AM 
3188DH943U030AM 
3188EA343U030AM 
3188EB413U030AM 
3188EC543U030AM 
3188ED683U030AM 
3188EE823U030AM 

3188EF953U030AM 

3188EG104U030AM 
3188EH124U030AM 
3188FB683U030AM 

3188FC913U030AM 

3188FD114U030AM 
3188FE134U030AM 

3188FF154U030AM 

3188FG184U030AM 


— 3188FH204U030DM 


3188GC134U030AM 
3188GD164U030DM 
3188GE204U030DM 
3188GF234U030DM 
3188GG264U030DM 
3188GH304U030DM 
3188GN484U030DM 


30.0 VDC WORKING 45.0 SURGE 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 


Philips Components * 6071 St. Andrews Road * Columbia, SC 29212-3198 « (803) 772-2500 ° FAX: (803) 772-2445 


SERIES 3188 


40.0 VDC WORKING 55.0 SURGE 50.0 VDC WORKING 75.0 SURGE = 
MAXIMUM MAXIMUM 3 
ESR ESR 3 


CAPACITANCE | PHILIPS COMPONENTS OHMS PHILIPS COMPONENTS OHMS 
UF =| — PART NUMBER 120HZ,25C PART NUMBER 120HZ,25C 


7700 3188BA772U040AM 6000 3188BA602U050AM 
9300 3188BB932U040AM | . ; 7200 3188BB722U050AM 
12000 | 3188BC123U040AM 9600 3188BC962U050AM 
15000 3188BD153U040AM : 12000 3188BD123U050AM 
18000 3188BE183U040AM ; 14000 3188BE143U050AM 
21000 3188BF213U040AM : ; 16000 3188BF163U050AM 
24000 3188BG243U040AM | (O. 19000 3188BG193U050AM 
28000 3188BH283U040AM | 21000 3188BH213U050AM 
13000 3188DA133U040AM 5S. 10000 3188DA103U050AM 
16000 3188DB163U040AM * 6: 12000 3188DB123U050AM 
22000 3188DC223U040AM 17000 3188DC173U050AM 
27000 3188DD273U040AM | | 21000 3188DD213U050AM 
33000 3188DE333U040AM «0. : 25000 3188DE253U050AM 
38000 3188DF383U040AM | : 29000 3188DF293U050AM 
44000 — 3188DG443U040AM 34000 3188DG343U050AM 
49000 | 3188DH493U040AM | oO. 38000 3188DH383U050AM 
17000 — 3188EA173U040AM , 13000 3188EA133U050AM 
21000 3188EB213U040AM ~ : ; 16000 3188EB163U050AM 
28000 3188EC283U040AM 22000 3188EC223U050AM 
35000 . 3188ED353U040AM ; . 27000 3188ED273U050AM 
42000 3188EE423U040AM 33000 3188EE333U050AM 
90000 3188EF503U040AM 38000 3188EF383U050AM 
9/000 3188EG573U040AM | 44000 3188EG443U050AM 
64000 3188EH643U040AM 49000 3188EH493U050AM 
35000 3188FB353U040AM , 27000 3188FB273U050AM 
47000 3188FC473U040AM 36000 3188FC363U050AM 
99000 3188FD593U040AM : 45000 3188FD453U050AM 
71000 3188FE713U040AM ; 55000 3188FE553U050AM 
83000 3188FF833U040AM 64000 3188FF643U050AM 
95000 3188FG953U040AM 0. ; 73000 3188FG733U050AM 
100000 — 3188FH104U040AM 82000 3188FH823U050AM 
70000 = | 3188GC703U040AM 94000 3188GC543U050AM 
87000 _ 3188GD873U040AM ; 67000 3188GD673U050AM 
100000 3188GE104U040AM 81000 3188GE813U050AM 
120000 3188GF124U040DM 94000 3188GF943U050AM 
140000 3188GG144U040DM 100000 3188GG104U050AM 
150000 ~ $188GH154U040DM 120000 3188GH124U050AM 
250000 3188GN254U040DM .005 190000 3188GN194U050DM 


s40z9ede5 21ZAjO439as/7 Un 
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SERIES 3188 


CAPACITANCE | PHILIPS COMPONENTS 


36 


4400 
9300 


7100 


8900 
10000 
12000 
14000 
16000 

7900 
- 9500 
12000 
15000 
19000 
22000 
29000 
28000 
10000 
12000 
16000 
20000 
24000 
28000 
32000 
37000 
16000 
22000 
27000 
33000 
38000 

44000 
49000 
32000 
40000 
48000 
9/000 
65000 
73000 

110000 


PART NUMBER 


3188BA442U060AM 
3188BB532U060AM 
3188BC712U060AM 
3188BD892U060AM 
3188BE103U060AM 
3188BF123U060AM 
3188BG143U060AM 
3188BH163U060AM 
3188DA792U060AM 
3188DB952U060AM 
3188DC123U060AM 
3188DD153U060AM 
3188DE193U060AM 
3188DF223U060AM 
3188DG253U060AM 
3188DH283U060AM 
3188EA103U060AM 
3188EB123U060AM 
3188EC163U060AM 
3188ED203U060AM 
3188EE243U060AM 

3188EF283U060AM 

3188EG323U060AM 
3188EH373U060AM 
3188FB163U060AM 

3188FC223U060AM 

3188FD273U060AM 
3188FE333U060AM 

3188FF383U060AM 

3188FG443U060AM 
3188FH493U060AM 
3188GC323U060AM 
3188GD403U060AM 
3188GE483U060AM 
3188GF573U060AM 

3188GG653U060AM 
3188GH733U060AM 
3188GN114U060DM 


60.0 VDC WORKING 90.0 SURGE 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 


75.0 VDC WORKING 100.0 SURGE 


CAPACITANCE 
UF 


PHILIPS COMPONENTS 


_ PART NUMBER 


3188BA332U075AM 
3188BB402U075AM 


3188BC532U075AM | 


3188BD662U075AM 
3188BE802U075AM 
3188BF932U075AM 
3188BG103U075AM 
3188BH123U075AM 
3188DA592U075AM 
3188DB712U075AM 
3188DC942U075AM 
3188DD113U075AM 
3188DE143U075AM 
3188DF163U075AM 
3188DG183U075AM 
3188DH213U075AM 
3188EA762U075AM 
3188EB922U075AM 
3188EC123U075AM 
3188ED153U075AM 
3188EE183U075AM 

3188EF213U075AM 

3188EG243U075AM 
3188EH273U075AM 
3188FB123U075AM 

3188FC163U075AM 

3188FD203U075AM 
3188FE243U075AM 

3188FF283U075AM 

3188FG323U075AM 

3188FH373U075AM 

3188G0243U075AM 
3188GD303U075AM 
3188GE363U075AM 
3188GF423U075AM 

3188GG483U075AM 
3188GH543U075AM 
3188GN883U075DM 


MAXIMUM 
ESR | 
OHMS 


MAX. RMS" 


RIPPLE 


CURRENT | 


AMPS AT 
120HZ,85C 


Philips Components « 6071 St. Andrews Road « Columbia, SC 29212-3198 * (803) 772-2500 « FAX: (803) 772-2445 


io 


CAPACITANCE | PHILIPS COMPONENTS 


3188BA142T100AM 
3188BB172T100AM 
3188BC222T100AM 
3188BD282T100AM 
3188BE342T100AM 
3188BF392T100AM 
3188BG452T100AM 
3188BH512T100AM 
3188DA252T100AM 
3188DB302T100AM 
3188DC402T100AM 
3188DD502T100AM 
3188DE602T100AM 
3188DF702T100AM 
3188DG802T100AM 
3188DH902T100AM 
3188EA322T100AM 
3188EB392T100AM 
3188EC522T100AM 
3188ED652T 100AM 
3188EE782T100AM 
3188EF912T100AM 
3188EG103T100AM 
3188EH113T100AM 
3188FB652T100AM 
3188FC872T100AM 
3188FD103T100AM 
3188FE133T100AM 
3188FF153T100AM 
3188FG173T100AM 
3188FH193T100AM 
3188GC123T100AM 
3188GD163T100AM 
3188GE193T100AM 
3188GF223T100AM 
3188GG253T100AM 
3188GH293T100AM 
3188GN463T100AM 


100.0 VDC WORKING 150.0 SURGE 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


SERIES 3188 


PART NUMBER 


3188BA821T125AM 
3188BB991T125AM 
3188B0132T125AM 
3188BD162T125AM 
3188BE192T125AM 
3188BF232T125AM 
3188BG262T125AM 
3188BH292T125AM 
3188DA142T125AM 
3188DB172T125AM 
3188D0232T125AM 
3188DD292T125AM 
3188DE352T125AM 
3188DF412T125AM 
3188DG472T125AM 
3188DH532T125AM 
3188EA192T125AM 
3188EB232T125AM 
3188EC302T125AM 
3188ED382T125AM 
3188EE462T125AM 

3188EF532T125AM 

3188EG612T125AM 
3188EH692T125AM 
3188FB382T125AM 

3188FC512T125AM 

3188FD642T125AM 
3188FE772T125AM 

3188FF902T125AM 

3188FG103T125AM 
3188FH113T125AM 
3188GC762T125AM 
3188GD952T125AM 
3188GE113T125AM 
3188GF133T125AM 
3188GG153T125AM 
3188GH173T125AM 
3188GN273T125AM 


125.0 VDC WORKING 150.0 SURGE 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 
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SERIES 3188 


150.0 VDC WORKING 200.0 SURGE 


CAPACITANCE | PHILIPS COMPONENTS 


38 


PART NUMBER 


3188BA541T150AM 
3188BB641T150AM 
3188BC861T150AM 
3188BD102T150AM 
3188BE122T150AM 
3188BF152T150AM 
3188BG172T150AM 
3188BH192T150AM 
3188DA971T150AM 


~ 3188DB112T150AM 


3188D0152T150AM 
3188DD192T150AM 
3188DE232T150AM 
3188DF272T150AM 
3188DG312T150AM 
3188DH342T150AM 
3188EA122T150AM 
3188EB152T150AM 
3188EC202T150AM 
3188ED252T150AM 
3188EE302T150AM 
3188EF352T150AM 
3188EG402T150AM 
3188EH452T150AM 
3188FB252T150AM 
3188FC332T150AM 
3188FD422T150AM 
3188FE502T150AM 
3188FF592T150AM 
3188FG672T150AM 
3188FH762T150AM 
3188GC492T150AM 
3188GD622T150AM 
3188GE742T150AM 
3188GF872T150AM 
3188GG992T150AM 
3188GH113T150AM 
3188GN183T150AM 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


CAPACITANCE | PHILIPS COMPONENTS 
UF 


PART NUMBER 


3188BA361T200AM 
3188BB441T200AM 
3188BC601T200AM 


3188BD751T200AM | 


3188BE901T200AM 
3188BF102T200AM 
3188BG122T200AM 
3188BH132T200AM 
3188DA651T200AM 
3188DB791T200AM 
3188DC0102T200AM 
3188DD132T200AM 
3188DE162T200AM 
3188DF182T200AM 
3188DG212T200AM 
3188DH242T200AM 
3188EA851T200AM 
3188EB102T200AM 
3188EC142T200AM 
3188ED172T200AM 
3188EE212T200AM 

3188EF242T200AM 

3188EG282T200AM 
3188EH312T200AM 
3188FB172T200AM 

3188FC232T200AM 

3188FD292T200AM 

3188FE352T200AM 

3188FF412T200AM 

3188FG472T200AM 
3188FH522T200AM 

3188GC0342T200AM 
3188GD432T200AM 
3188GE522T200AM 


— 3188GF602T200AM 


3188GG692T200AM 
3188GH782T200AM 
3188GN123T200AM 


200.0 VDC WORKING 250.0 SURGE 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


Philips Components * 6071 St. Andrews Road ° Columbia, SC 29212-3198 * (803) 772-2500 * FAX: (803) 772-2445 


SERIES 3188 + 


b 
250.0 VDC WORKING 300.0 SURGE 300.0 VDC WORKING 350.0 SURGE = 
| MAX. RMS MAX. RMS = 
MAXIMUM | RIPPLE MAXIMUM | RIPPLE ~ 
3 ESR CURRENT | | ESR CURRENT ~} 
CAPACITANCE | PHILIPS COMPONENTS OHMS AMPS AT CAPACITANCE | PHILIPS COMPONENTS OHMS AMPS AT < 
UF PART NUMBER 120HZ,25C | 120HZ,85C UF PART NUMBER 120HZ,25C = 
3188BA281T250AM 3188BA231T300AM re 
3188BB341T250AM 3188BB281T300AM ™~ 
3188BC471T250AM 3188BC381T300AM 1) 
3188BD591T250AM 3188BD481T300AM aU 
3188BE711T250AM 3188BE581T300AM me 
3188BF821T250AM 3188BF681T300AM re) 
3188BG941T250AM 3188BG771T300AM > 
3188BH102T250AM 3188BH871T300AM pet 
3188DA511T250AM 3188DA421T300AM me 
3188DB611T250AM 3188DB501T300AM C) 
3188DC841T250AM 3188DC691T300AM 9g 
3188DD102T250AM 3188DD871T300AM a 
3188DE122T250AM 3188DE102T300AM 3 
3188DF142T250AM 3188DF112T300AM — 9 
3188DG162T250AM 3188DG132T300AM S 
3188DH192T250AM 3188DH152T300AM a 
3188EA661T250AM 3188EA541T300AM & 
3188EB801T250AM 3188EB651T300AM Pas 
3188EC102T250AM 3188EC901T300AM 7) 
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3188ED132T250AM 


3188EE162T250AM | 


3188EF192T250AM 
3188EG222T250AM 


~3188EH242T250AM © 
3188FB132T250AM 


3188FC182T250AM 
3188FD232T250AM 


3188FE272T250AM . 
~3188FF322T250AM 


3188FG362T250AM 
3188FH412T250AM 
3188GC272T250AM 
3188GD342T250AM 
3188GE402T250AM 
3188GF472T250AM 
3188GG542T250AM 
3188GH612T250AM 
3188GN982T250AM 


3188ED102T300AM 
3188EE132T300AM 
3188EF152T300AM 
3188EG182T300AM 
3188EH202T300AM 
3188FB112T300AM 
3188FC142T300AM 
3188FD182T300AM 
3188FE222T300AM 


3188FF262T300AM © 


3188FG302T300AM 
3188FH342T300AM 
3188GC222T300AM 
3188GD272T300AM 
3188GE332T300AM 
3188GF392T300AM 
3188GG442T300AM 
3188GHS502T300AM 
3188GN812T300AM 
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SERIES 3188 


350.0 VDC WORKING 400.0 SURGE 


CAPACITANCE | PHILIPS COMPONENTS 
U 


40 


PART NUMBER 


3188BA201T350AM 
3188BB241T350AM 
3188BC0331T350AM 
3188BD411T350AM 
3188BE501T350AM 
3188BF581T350AM 
3188BG661T350AM 
3188BH751T350AM 
3188DA361T350AM 
3188DB431T350AM 
3188D0591T350AM 
3188DD741T350AM 
3188DE891T350AM 
3188DF102T350AM 
3188DG112T350AM 
3188DH132T350AM 
3188EA461T350AM 
3188EB561T350AM 
3188EC771T350AM 
3188ED961T350AM 
3188EE112T350AM 

3188EF132T350AM 

3188EG152T350AM 
3188EH162T350AM 
3188FB941T350AM 

3188FC122T350AM 

3188FD162T350AM 
3188FE192T350AM 

3188FF222T350AM 

3188FG252T350AM 
3188FH292T350AM 
3188GC192T350AM 
3188GD232T350AM 
3188GE282T350AM 
3188GF332T350AM 
3188GG382T350AM 
3188GH432T350AM 
3188GN692T350AM 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


400.0 VDC WORKING 450.0 SURGE 


PART NUMBER 


3188BA181T400AM 
3188BB221T400AM 
3188BC301T400AM 
3188BD381T400AM 
3188BE451T400AM 
3188BF531T400AM 
3188BG611T400AM 
3188BH681T400AM 
3188DA331T400AM 
3188DB391T400AM 
3188D0541T400AM 
3188DD681T400AM 
3188DE821T400AM 
3188DF951T400AM 
3188DG102T400AM 
3188DH112T400AM 
3188EA431T400AM 
3188EB511T400AM 
3188EC711T400AM 
3188ED881T400AM 
3188EE102T400AM 

3188EF122T400AM 

3188EG132T400AM 
3188EH152T400AM 
3188FB861T400AM 

3188FC112T400AM 

3188FD142T400AM 
3188FE172T400AM 

3188FF202T400AM 

3188FG232T400AM 
3188FH262T400AM 
3188GC172T400AM 
3188GD212T400AM 
3188GE262T400AM 
3188GF302T400AM 

3188GG352T400AM 
3188GH392T400AM 
3188GN632T400AM 
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SERIES 3191 


Computer-Grade Aluminum 
Electrolytic Capacitors 


Symmetrical-Tolerance Capacitors for 
Switch-Mode Power Supplies. 


DESCRIPTION: FEATURES: 


Series 3191 Computer-Grade Aluminum Elec- m5 VDC to 55 VDC ratings. 

trolytic Capacitors are specifically designed for » Very Low ESR—3.8 milliohms at 20 kHz 

use In switch-mode power supplies. Their con- (999000 yF and 5 VDC). 

struction utilizes the most advanced multiple- ane 

tabbing techniques and a non-acqueous elec- ™ Symmetrical ESR Tolerance—+30%. 

trolyte system to attain extremely low ESR, high # Symmetrical Capacitance Tolerance—+20%. 


ripple-current capability and long life. These ilitv—up to 30 amps 
same attributes make them an excellent choice . bh cardi hy ne po nce oe P 


for any filtering application. 
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SERIES 3191 


5.0 VDC WORKING 6.0 SURGE 


CAPACITANCE | PHILIPS COMPONENTS 


18000 
25000 
32000 
39000 
46000 
93000 
60000 
67000 
57000 
69000 
92000 
110000 
130000 
160000 
180000 
200000 


PART NUMBER 


3191BA183M005BM 
3191BB253M005BM 
3191BC323M005BM 
3191BD393M005BM 
3191BE463M005BM 
3191BF533M005BM 
3191BG603M005BM 
3191BH673M005BM 
3191EA573M005BM 
3191EB693M005BM 
3191EC923M005BM 
3191ED114M005BM 
3191EE134M005BM 
3191EF164M005BM 
3191EG184M005BM 
3191EH204M005BM 


CAPACITANCE | PHILIPS COMPONENTS 


42 


16000 
19000 
29000 
31000 
38000 
44000 
91000 
9/000 
38000 
46000 
61000 
76000 
92000 
100000 
120000 
130000 


PART NUMBER 


3191BA163M010BM 
3191BB193M010BM 
3191B0253M010BM 
3191BD313M010BM 
3191BE383M010BM 
3191BF443M010BM 
3191BG513M010BM 
3191BH573M010BM 
3191EA383M010BM 
3191EB463M010BM 
3191EC613M010BM 
3191ED763M010BM 
3191EE923M010BM 

3191EF104M010BM 

3191EG124M010BM 
3191EH134M010BM 


MAXIMUM 
ESR 
(OHMS) 


MAXIMUM 
ESR 
(OHMS) 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 


7.5 VDC WORKING 9.0 SURGE 


CAPACITANCE | PHILIPS COMPONENTS 


15000 
21000 
27000 
33000 
39000 
45000 
51000 
57000 
48000 
58000 
76000 
95000 
110000 
130000 
150000 
170000 


PART NUMBER 


3191BA153M7P5BM 
3191BB213M7P5BM 
3191BC273M7P5BM 
3191BD333M7P5BM 
3191BE393M7P5BM 
3191BF453M7P5BM 
3191BG513M7P5BM 
3191BH573M7P5BM 
3191EA483M7P5BM 
3191EB583M7P5BM 
3191EC763M7P5BM 
3191ED953M7P5BM 
3191EE114M7P5BM 
3191EF134M7PS5BM 
3191EG154M7P5BM 
3191EH174M7P5BM 


CAPACITANCE | PHILIPS COMPONENTS 


PART NUMBER 


3191BA103M016BM 
3191BB143M016BM 
3191BC183M016BM 
3191BD223M016BM 
3191BE263M016BM 
3191BF303M016BM 
3191BG343M016BM 
3191BH383M016BM 
3191EA263M016BM 
3191EB323M016BM 
3191EC433M016BM 
3191ED533M016BM 
3191EE643M016BM 
3191EF753M016BM 
3191EG863M016BM 
3191EH963M016BM 


MAXIMUM +30% 
ESR ESR 
(OHMS) (MOHMS) 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 


120HZ,25C | 20KHZ,25C | 20KHZ,85C 


+30% 
ESR 
(MOHMS) 
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20.0 VDC WORKING 22.0 SURGE 


CAPACITANCE | PHILIPS COMPONENTS 


3191BA882M020BM 
3191BB123M020BM 
3191BC163M020BM 
3191BD203M020BM 
3191BE223M020BM 
3191BF273M020BM 
3191BG303M020BM 
3191BH343M020BM 
3191EA233M020BM 
3191EB273M020BM 
3191EC373M020BM 
3191ED463M020BM 
3191EE553M020BM 
3191EF643M020BM 
3191EG743M020BM 
3191EH833M020BM 


CAPACITANCE | PHILIPS COMPONENTS 


PART NUMBER 


3191BA442M035BM 
3191BB622M035BM 
3191BC802M035BM 
3191BD103M035BM 
3191BE123M035BM 


3191BF143M035BM | 


3191BG163M035BM 
3191BH173M035BM 
3191EA113M035BM 
3191EB133M035BM 
3191EC173M035BM 
3191ED223M035BM 
3191EE263M035BM 
3191EF313M035BM 
3191EG353M035BM 
3191EH403M035BM 


MAXIMUM +30% 
ESR ESR 
(OHMS) (MOHMS) 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 


120HZ,25C | 20KHZ,25C | 20KHZ,85C 


+30% 
ESR 
(MOHMS) 


SERIES 3191 


28.0 VDC WORKING 32.0 SURGE 


PHILIPS COMPONENTS 
PART NUMBER 


3191BA622M028BM 
3191BB882M028BM 


3191BC113M028BM 


3191BD143M028BM 
3191BE163M028BM 
3191BF193M028BM 
3191BG223M028BM 
3191BH243M028BM 
3191EA153M028BM 
3191EB183M028BM 
3191EC243M028BM 
3191ED303M028BM 
3191EE363M028BM 
3191EF423M028BM 
3191EG483M028BM 
3191EH543M028BM 


PHILIPS COMPONENTS 
PART NUMBER 


3191BA382M045BM 
3191BB462M045BM 
3191BC622M045BM 
3191BD762M045BM 
3191BE922M045BM 
3191BF103M045BM 
3191BG123M045BM 
3191BH143M045BM 
3191EA922M045BM 
3191EB113M045BM 
3191EC143M045BM 
3191ED183M045BM 
3191EE223M045BM 
3191EF263M045BM 
3191EG293M045BM 
3191EH333M045BM 


MAXIMUM 
ESR 
(OHMS) 


+30% 
ESR 
(MOHMS) 
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SERIES 3191 


Db 55.0 VDC WORKING 64.0 SURGE 

— : 

: MAXIMUM 

ESR 

ea CAPACITANCE | PHILIPS COMPONENTS (OHMS) 

~ PART NUMBER 

oy 3191BA282M055BM 
3191BB382M055BM 

m 3191BC502MO55BM 

) 3191BD622M055BM 

° 3191BE722M055BM 

< 3191BF842M055BM 

& 3191BG942M055BM 

a 3191BH103M055BM 

SS 3191EA722M055BM 

& 3191EB882M055BM 

e& 3191EC113M055BM 
3191ED143M055BM 

© 3191EE173M055BM 

os 3191EF203M055BM 

o) 3191EG233M055BM 

S 3191EH263M055BM 

bet) 

S 

= 

7) 
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SERIES 3476 


Miniature Single-Ended Aluminum 


DESCRIPTION: 


The Philips Components Series 3476 is a general 
purpose Single-Ended Aluminum Electrolytic Ca- 
pacitor. Theses capacitors are suitable for use in 
timing and delay circuits as well as filitering, cou- 


pling, and decoupling. 


Series 3476 capacitors are supplied as polar 
units available in 13 case sizes, ranging from 
ox11mm to 18x40mm. 


Electrolytic Capacitors 


FEATURES: 


@ Capacitance tolerance +20%. 


@ Smaller size allows wider choice of capacitance 
and voltage for automatic insertion. 


@ Low leakage current. 


@ With the exception of 5mm diameter cans, all 
capacitors have safety vents. 


@ Max Operating Temperature +85°C. 
@ Capacitance Range 0.47 to 10,000 uF 
= Rated Voltage Range 6.3 to 450V. 


@ Halogenated Solvent Proof Configuration avail- 
able, 6.3 to 100V. 


For Application Guidelines see pages 82-91 
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SERIES 3476 


Miniature Single-Ended Aluminum Electrolytic Capacitors 


CHARACTERISTICS 


Pitem Characteristic 
Voltage Range 100V, DC or less 160 ~ 450V, DC 


Operating Temperature 7 é _96 Fo 
( 


Capacitance Tolerance +20% (M) —10~+30% (S)...Non-standard) (at 20°C, 120HZz) 


The following specifications shall be satisfied when the rated voltage is applied for the required time. 


Leakage Current 


After 1 minute :0.03CV (uA) or 4 vA, whichever is greater After 1 minute : 0.1CV +40 (uA) (CV < 1000) 
After 2 minutes: 0.01CV (uA) or 3 vA, whichever is greater 0.04CV + 100 (A) (CV>1000) 
Where C=Nominal capacitance (pF) After 5 minutes: 0.03CV + 15 (uA) (CV <= 1000) 


V=Rated voltage (V) 


| Rated voltage (V) | 6.3 [ 10 | 16 | 25 | 35 | 50 | 63~80 | 100] 160~315 | 350~450_ 


For capacitors whose rated voltage is 100V or less and whose capacitance exceeds 1,000uF the specification of tané 
is increased by 0.02 for every addition of 1,000uF. (at 20°C, 120HZz) 


[ Rated voltage (V)[ 6.3 10] 16] 25] 35] 50[ 63] 80 | 100 | 160 | 200 | 250 | 315 | 350 | 400 | 450 | 
[Surge voltage (V)|_8 | 13[ 20[ 32] 44] 63] 79] 100 | 125 | 200 | 250 | 300 | 365 | 400} 450 | 500 | 


Impedance ratio at 120Hz 


Rated voltage (V) | 6.3} 10| 16 | 25 | 35 | 50 | 63 | 80| 100 | 160 
| z-ascizzoc [4] 3] 2;2}2{2}2i;2)2)4{ 8] 2 | 6 
| z-4orc/z2o°c_Tiot safe] 4] 3{i3}3}3{ 3{-]f - | - | = 


(at 20°C) 0.02CV + 25 (uA) (CV>1000) 


Dissipation Factor 
(Tan 6) 


Surge Voltage 


Temperature 
Characteristics 


Load Life The following specifications shall be satisfied when the - The following specifications shall be satisfied when the 
Capacitors are restored to 20°C after the rated voltage capacitors are restored to 20°C after the rated voltage 
applied for 1,000 hours at 85°C. applied for 1,000 hours at 85°C. 

Capacitance change (%) from initial value Capacitance change <+20% of initial value 

~ Dissipation factor < 150% of initial specified value 
| Case diameter , Leakage current < initial specified value 
| | <= 96.3 >6.3 

6.3~16V 
25~100V 

Tan 6< 150% of initial specified value 

Leakage current < initial specified value 

Shelf Life The following specifications shall be satisfied when the The following specifications shall be satisfied when the 


capacitors are restored to 20°C after exposing them at 
85°C for 500 hours without voltage applied. 
Capacitance change <+20% of initial value 
Dissipation factor < 150% of initial specified value 
Leakage current <200% of initial specified value 


Capacitors are restored to 20°C after exposing them at 
85°C for 1,000 hours without voltage applied. 


Capacitance change value shall be within the specifica- 
tions shown on the table of load life. 


Tan 6<150% of initial specified value 
Leakage current sinitial specified value 


Others Satisfies characteristic W of JIS C5141* 


“May be ordered from American National Standards Institute. 


Tested Methods per JIS 5102** 


**A Summery of these standards appears on page127 


CASE OUTLINE DRAWING CASE DIMENSIONS 


Unit (mm) 


+1 
oY 
LL 
= oY 


Vinyl sleeve S 
When DS 12.5, D'S D+0.5and L’ $L+1.5 
When D> 12.5, D'S D+0.5 and L’ S$L+2.0 


18 {7.5/0.8 


For L<10, oc = 1 ForD<10, 8 = 0.5 
ForL >10,0oc = 2 ForD > 10,8 = 1 


Note: With the exception of 5mm diameter cans, all 3476 capacitors have a safety vent. 
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See page 127 for mm to inches conversion table. 


SERIES 3476 


_ Miniature Single-Ended Aluminum Electrolytic Capacitors 


CASE SIZE OF STANDARD PRODUCTS 


D x L (mm) 


areas eae $a} Hee tet + Hee} 
po et tt Pests TT toxr6 [toxi6 [10x16 | 
ptt tt tt Pats PT 10x16 TT tox16 [10x20 
a 
ae 
ad 


#1. 


=) 
i 
ba | 


ptt xt xt txt | toxi6 [10x16 | 10x20 _ | 12.5x20_ 

pt xt | sxtt [oxtt | sxts | 63x11 | 10x16 | toxie | 10x16 | 10x20 _| 12.5x25_ 

poxtt | Sxtt | sxtt | Sxtt | 6.3xtt | | 8xt1.5 | 10x16 | 10x20 | 12.5x20 | 12.5x25 | 16x25 | 
_Sxtt | sxtt | Sxtt_ | 63x11 | 63x11 | exits | 10x12.5 | 10x125 | 12.5x20 | 12.5x20 | 12.5x25 | 16x25 | 
pSxit | sxtt | oxtt_ | 63x11 | 63x11 | ax115 | 8x15 | tox16 | toxt6 | 12.5x25 | 16x25 | 16x25 | 16355 [| 
Sxti_ | sxit_| 63x11 | 63x11 | 8xtt.5 | ax11.5 | 10x125] 10x16 | 10x20 | 16x25 | 16x25 | 16x355 | | 
63x11 | 63x11 | 8xt7.5 | 8x11.5 | 10x125] 10x16 | 10x20 _| 12.5x20 | 12.5x20 | 16x35.5 | 18x40 [| TT 

axi15 | 6xi15 | 10x15] 10x16 | 10x20 | 12520] 12520] r2526| 12s] | | | |_| 
ss0 [102 |10x125| 10x16 | 10x20 | 12.5x20 | 12.5x20 | 12.5x25 | 16x31.5| 16x31.5] | | 
S| 10x16 | 10x20 | 12.5x20 | 12.5x25 | 16x25 | 16x25 | 16x35.5| 1ex355] | 
10x20_| 12.5x20 | 12.5x25 | 16x25 | 16x25 | 16x31.5 | 198x355] | | 
2 EE DR 
| 3300 | 16x25 | 16x31.5| r6x35.5{ exo | TT 
| 4700__| 16x31. t6xa55| 1ax355] | TT 
[eso [rexsss| oat | | ||| ||| ||| 
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STANDARD CAPACITANCE VALUES 


‘Maximum Max. RMS 
ESR Ripple Current 
(OHMS) AMPS at 
120Hz, 25°C | 120Hz, 85°C 


. - _ ESR - Ripple Current 
Capacitance Philips Components (OHMS) AMPS at 
uF Part Number 120Hz, 25°C 120Hz, 85°C 


Philips Components 
Part Number 


6.3VDC WORKING, 8VDC SURGE 


3476CB330M6P3JMBS 
3476CB470M6P3JMBS 
3476DB101M6P3JMBS 
3476FC221M6P3JMBS 
3476GC331M6P3JMBS 
3476GC47 1M6P3JMBS 
3476GF102M6P3JMBS 
3476HG222M6P3JMBS 
3476KG332M6P3JMBS 
3476KJ472M6P3JMBS 
3476KL682M6P3JMBS 
3476LK103M6P3JMBS 


16VDC WORKING, 20VDC SURGE 


3476CB100M016JMBS 
3476CB220M016JMBS 
3476CB330M016JMBS 
3476DB470M016JMBS 
3476FC101M016JMBS 
3476GC221M016JMBS 
3476GD331M016JMBS 
3476GF471M016JMBS 
3476HG102M016JMBS 
3476KG222M016JMBS 
3476KL332M016JMBS 
3476LL472M016JMBS 


25VDC WORKING, 32VDC SURGE 
3476CB479M025JMBS 


10VDC WORKING, 13VDC SURGE 
3476CB220M010JMBS 


ee 7 
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3476CB330M010JMBS 
3476CB470M010JMBS 
3476DB101M010JMBS 
3476FC221M010JMBS 
3476GC331M010JMBS 


3476GD471M010JMBS 
3476HF102M010JMBS 
3476KG222M010JMBS 
3476KJ332M010JMBS 
3476KL472M010JMBS 
3476LK682M010JMBS 


3476CB100M025JMBS 
3476CB220M025JMBS 
3476DB330M025JMBS 
3476DB470M025JMBS 
3476FC101M025JMBS 
3476GD221M025JMBS 
3476GF331M025JMBS 
3476HF47 1M025JMBS 
3476KG102M025JMBS 
3476KL222M025JMBS 
3476LK332M025JMBS 
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SERIES 3476 


Miniature Single-Ended Aluminum Electrolytic Capacitors 


STANDARD CAPACITANCE VALUES 


Capacitance 


uF 


PHILIPS COMPONENTS 
Part Number 


35VDC WORKING, 44VDC SURGE 


3476CB479M035JMBS 
3476CB100M035JMBS 
3476DB220M035JMBS 
3476DB330M035JMBS 
3476FC470M035JMBS 
3476GC101M035JMBS 
3476GF221M035JMBS 
3476HF331M035JMBS 


_3476HG471M035JMBS 


3476KG102M035JMBS 
3476LL222M035JMBS 


3476CB478M050JMBS 
3476CB109MO050JMBS 


3476CB229M050JMBS - 


3476CB339M050JMBS 
3476CB479M050JMBS 
3476CB100MO50JMBS 
3476DB220M050JMBS 
3476FC330M050JMBS 

3476FC470M050JMBS 
3476GD101MO50JMBS 
3476HF221MO50JMBS 
3476HF331MO050JMBS 
3476KG471M050JMBS 
3476KJ102MO50JMBS 


63VDC WORKING, 79VDC SURGE 


48 


3476CB229M063JMBS 
3476CB339M063JMBS 
3476CB479M063JMBS 
3476DB100M063JMBS 
3476FC220M063JMBS 
3476FC330M063JMBS 
3476GC470M063JMBS 
3476GF101M063JMBS 
3476HF221M063JMBS 
3476HG331M063JMBS 
3476KG471M063JMBS 
3476LL102M063JMBS 


3476GC220M080JMBS 
3476GD330M080JMBS 
3476GD470M080JMBS 
3476HF101MO80JMBS 
3476HG221M080JMBS 
3476KJ331MO80JMBS 
3476KL471M080JMBS 


3476CB478M100JMBS 
3476CB109M100JMBS 
3476CB229M100JMBS 
3476CB339M100JMBS 
3476DB479M100JMBS 


Maximum 
ESR 
(OHMS) 
120Hz, 25°C 


352.739 
165.788 
75.363 
50.238 
35.275 

16.575: 
7.538 
5.025 
3.525 
1.663 
750 
500 
350 
166 


Max. RMS 
Ripple Current 
AMPS at 
120Hz, 85°C 


Capacitance 


uF 


PHILIPS COMPONENTS 
Part Number 


100VDC WORKING, 125VDC SURGE 


3476FC100M100JMBS 
3476GC220M100JMBS 
3476GD330M100JMBS 
3476GF470M100JMBS 
3476HF101M100JMBS 
3476KG221M100JMBS 
3476KJ331M100JMBS 

3476LL471M100JMBS 


3476DB478M160JMBS 
3476DB109M160JMBS 
3476FC229M160JMBS 
3476GD339M160JMBS 
3476GD479M160JMBS 
3476GD100M160JMBS 
3476HF220M160JMBS 
3476HG330M160JMBS 
3476KG470M160JMBS 
3476KL101M160JMBS 


3476GD339M200JMBS 
3476GD479M200JMBS 
3476GF 100M200JMBS 
3476HF220M200JMBS 
3476KG330M200JMBS 
3476KG470M200JMBS 
3476LK101M200JMBS 


3476GD109M250JMBS 
3476GD229M250JMBS 
3476GD339M250JMBS 
3476GD479M250JMBS 
3476HF100M250JMBS 
3476HG220M250JMBS 
3476KG330M250JMBS 
3476KJ470M250JMBS 


3476GD478M350JMBS 
3476GD109M350JMBS 
3476GD229M350JMBS 
3476GF339M350JMBS 
3476GF479M350JMBS 
3476HG100M350JMBS 
3476KG220M350JMBS 
3476KL330M350JMBS 


3476GD109M450JMBS 
3476GF229M450JMBS 
3476HF339M450JMBS 
3476HG479M450JMBS 
3476KG100M450JMBS 


Maximum 
ESR 
(OHMS) 
120Hz, 25°C 


Max. RMS 
Ripple Current 


AMPS at 
120Hz, 85°C 
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SERIES 3476 


_ Miniature Single-Ended Aluminum Electrolytic Capacitors 


TEMPERATURE CHARACTERISTICS 


=—O-— 16V100uF 
—4— 50V1iuF 
—x— 25V1000uF 


Capacitance change (%) 


Dissipation factor 


Temperature (°C) 


85°C LOAD LIFE 85°C SHELF LIFE 


—o— 16V100uF , —o— 16V100uF 
—A— 50V1uF —S— 50V1uF 
—x— 25V1000uF | —x— 25V1000uF 


Capacitance change (%) 
Capacitance change (%) 
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SERIES 3476 


Miniature Single-Ended Aluminum Electrolytic Capacitors 


TEMPERATURE CHARACTERISTICS _|IMPEDANCE 


—O=— 33yuF/160V 
— See 10uF/250V 


=—X== 3.3uF/350V 
—O— 33yF/160V 


—S— 10yuF/250V 
—xX— 3.3uF/350V 
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1K 3K. 10K 30K 100K 
Frequency (Hz) 


Dissipation factor 


Temperature (°C) 


HOW TO SPECIFY 
Philips Components Series 3476 Capacitors can be completely specified using the following designation: 
3476 GF 471 M 016 J M 
: | qT Packaging 
Philips Components Tolerance (see Application Guidelines) 
Product Series M=+20% B=Standard Bulk 
| S =+30% T=Tape and Reel 
Case Size Code —10% A=Ammo Pack 
(see physical Voltage Lead 
spec) me tee Insulation : Configuration 
= M=Standard PVC =Standard 
_Capacitance 6P3=6.3VDC ites , Options (see Application 
XX=Significant Digits C=Cut Guideline 
X=Multiplier | Mechanical D=Forming Cut 
i.e. 471=470uF | Characteristics = 
s . F=Snap in Forming Cut 
470= 47uF J=Standard M=Snap in Cut 
478=.47 uF *P=Solvent Resistant 


*See “Application Guidelines” section page 120 for approved solvents and cleaning solutions. 


*May be ordered American National Standards Institute. 
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SERIES 3480 


Miniature Single-Ended Aluminum 


DESCRIPTION: 


Series 3480 capacitors are much smaller than 
conventional general-purpose miniature alumi- 
num electrolytic capacitors. A newly developed, 
high-magnification etched foil is employed which 
allows the 3480 to be almost identical in case 
size to the 3476. A wide temperature range of 
—95 to +105°C and a long life of 1000 hours at 
105°C is made possible by a newly developed, 
high-performance electrolyte and a special seal- 
ing material. Series 3480 employs the newest 


high-stability anode foil so that leakage current 
will change minimally even if the capacitors are 


left unused for a long period. 


Series 3480 capacitors are useful in an extensive 
range of applications, both consumer and indus- 
trial. They are highly stable products suitable for 
time constant circuits. 
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Electrolytic Capacitors 


FEATURES: 


= Wide temperature range of (—55 to 105°C 6.3 
to 100V; —40 to 105°C 160 to 250VDC.). 


@ Higher CV values compared to ordinary alumi- 
num electrolytic capacitors. 


@ Load life of 1000 hours at 105°C with no voltage 
derating. 


@ Very low leakage current. 


# Smaller size allows wider choice of Capacitance 
and voltage for automatic insertion. 


@ Safety vents with the exception of 5mm diameter 
Cans. 


@ Halogenated Solvent Proof Configuration 
available. 


For Application Guidelines see pages 119-125 
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SERIES 3480 


Miniature Single-Ended Aluminum Electrolytic Capacitors 


CHARACTERISTICS 


Characteristic 
_| Operating Temperature Range —40~+105°C 


Leakage Current The following specifications shall be satisfied when the rated voltage is applied for the required time. 


After 2 minutes: 0.002CV (uA) or 0.2uA, whichever After 1 minute :0.1CV + 40 (uA) (CV <= 1000) 
is greater 0.04CV + 100 (uA) (CV>1000) 
| After 5 minutes : 0.03CV + 15 (uA) (CV < 1000) 
0.02CV + 25 (uA) (CV>1000) 


Where, C: Nominal capacitance (F), V: Rated voltage (V) 


For capacitors whose rated voltage is 100V or less and whose capacitance exceeds 1,000uF the specification 
of tan 6 is increased by 0.02 for every addition of 1,000uF. (at 20°C, 120Hz) 


(at 20°C) 


Dissipation Factor (Tan 6) 


(1) Capacitance change: Capacitance at —40°C is 
more than 70% of 20°C value. 


Temperature Characteristics 


Load Life 


Shelf Life 


(1) Capacitance change: Capacitance at —40°C is 
more than 80% of 20°C value. 


(2) Impedance ratio at 120Hz 


[Rated voltage (Vv) [63] 10 [ 16 [ 25 | 35 | 50 | 63 | 80 | 100] 160 | 200 | 250. 
Z(—25°C)/Z(20°C) 
z(-4orcyz(zo°c) [6 | 5 | 3 3] 3] 3] 3) 3/3] 4) 44 4 | 
The following specifications shall be satisfied when 


the capacitors are restored to 20°C after the rated 
voltage applied for 1,000 hours at 105°C. 


The following specifications shall be satisfied when 
the capacitors are restored to 20°C after the rated 


voltage applied for 1,000 hours at 105°C. 
>10mm DIA 2.000 HRS PMBS TYPE 
Capacitance change from initial value 


6.3~16V 
25 ~ 100V 


Dissipation factor <200% of initial specified value 
Leakage current < initial specified value 


Capacitance change <+20% of initial value 
Dissipation factor <200% of initial specified value 
Leakage current < initial specified value 


The following specifications shall be satisfied when 
the capacitors are restored to 20°C after exposing 
them at 105°C for 1,000 hours without voltage applied. 


The following specifications shall be satisfied when 
the capacitors are restored to 20°C after exposing 
them at 105°C for 1,000 hours without voltage applied. 


Capacitance change =+20% of initial value 
Dissipation factor <200% of initial specified value 
Leakage current =500% of initial specified value 


Capacitance change value shall be within the specifi- 
cations shown on the table of load life. 

Dissipation factor <200% of initial specified value 
Leakage current <200% of initial specified value 


Satisfies characteristic W of JIS C5141*—Test Methods per JIS 5102** 


*May be ordered American National Standards Institute. 


**A summary of these standards appears on page 127. 
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SERIES 3480 


Miniature Single-Ended Aluminum Electrolytic Capacitors 


b 
"a 


CASE SIZE OF STANDARD PRODUCTS 
oD xL (mm) 
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oes fe a tt het a] toxig | st0x16 [ toxt6 
ce a po xt xt | 6.3xt1 | 63x11 | 10x16 | 10x16 | 10x16 _ 
+} fff satt_f esntt | oxtts {oxi | toxte | 10x20 | 12.6320 
——;_—{ _|_ sait_} oaett | eset | axis | roxi2s | roxi2s | 12.5120 | 125320 | 12.5326 
Pe | xt1 
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P| xt | 63xtt | 3xt1 | exits | axt1.6 | 10x16 | 10x16 | 12.5x25 | 16x25 | 16x25 _ 
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|_2200 | 12.525 | 16x25 | 16x25 | 16x35.5| 198x355] | | TC 
| 3300 | 16x25} 16x31.5] 16x95.5| 18x40 | | 
[ArOO. 916x316 | 16xa5.5 | 19055 | ef 
Be? SES Re A OR EER ER RE A 
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CASE OUTLINE DRAWING 


Unit (mm) 


20 min. 5 min. 


oe Ad 
se) 
Vinyl sleeve ~ 


| D | 65 | 6.3] 68 | 410 | 4125] 416 | 418 _ 
EE ee SS ee 
po ae D+0.5 
Pee 05 66. 1.05. | -0.6 | 06 | 08.108 | 
ee 225 [8b | 8 |S Pes 1275. | 


For L<10, oc=1 For Ds10, B=0.5 
For L>10, oc=2 For D>10, B=1 


See page 126 for mm to inches conversion table. 


Note: With the exception of 5mm diameter cans, all 3480 
capacitors have a safety vent. 
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SERIES 3480 


Miniature Single-Ended Aluminum Electrolytic Capacitors 


STANDARD CAPACITANCE VALUES 


Maximum Max. RMS 


ESR Ripple Current 


Capacitance PHILIPS COMPONENTS 


Part Number 


(OHMS) 
120Hz, 25°C 


AMPS at 
120Hz, 105°C 


6.3VDC WORKING, 8VDC SURGE 


3480FC221M6P3JMBS 
3480GC331M6P3JMBS 
3480GC47 1M6P3JMBS 
3480GF102M6P3JMBS 
3480HG222M6P3JMBS 
3480KG332M6P3JMBS 
3480KJ472M6P3JMBS 

3480LK103M6P3JMBS 


3480CB470M010JMBS 
3480DB101M010JMBS 
3480FC221M010JMBS 
3480GC331M010JMBS 
3480GD471M010JMBS 
3480HF102M010JMBS_ 
3480KG222M010JMBS 
3480KJ332M010JMBS 
3480KL472M010JMBS 


16VDC WORKING, 20VDC SURGE 


3480CB330M016JMBS 
3480DB470M016JMBS 
3480FC101M016JMBS 
3480GC221M016JMBS 
3480GD331M016JMBS 
3480GF47 1M016JMBS 
3480HG102M016JMBS 
3480KG222M016JMBS 
3480KL332M016JMBS 

3480LL472M016JMBS 


25VDC WORKING, 32VDC SURGE 


3480CB220M025JMBS 
3480DB330M025JMBS 
3480DB470M025JMBS 
3480FC101M025JMBS 
3480GD221M025JMBS 
3480GF331M025JMBS 
3480HF471M025JMBS 
3480KG102M025JMBS 
3480KL222M025JMBS 
3480LK322M025JMBS 


35VDC WORKING, 44VDC SURGE 


3480DB220M035JMBS 
3480DB330M035JMBS 
3480FC470M035JMBS 
3480GC101M035JMBS 


3480GF221M035JMBS 
3480HF33 1MO35JMBS 
3480HG47 1M035JMBS 
3480KG102M035JMBS 
3480LL222M035JMBS 


Maximum Max. RMS 


ESR Ripple Current 


AMPS at 
120Hz, 105°C 


(OHMS) 
120Hz, 25°C 


Capacitance PHILIPS COMPONENTS 


Part Number 


50VDC WORKING, 63VDC SURGE 


3480CB478M050JMBS 
3480CB109M050JMBS 
3480CB229M050JMBS 
3480CB339M050JMBS 
3480CB479M050JMBS 
3480CB100M050JMBS 
3480DB220M050JMBS 
3480FC330M050JMBS 


352.738 
165.786 
75.358 
50.239 
35.274 
16.579 
7.536 
5.024 


3480FC470MO50JMBS 3.528 
3480GD101MO50JMBS 1.658 
3480HF221MOS0JMBS - 754 
3480HF331MO050JMBS 903 


353 
.166 


3480KG47 1MO50JMBS 
3480KJ102MO50JMBS 


63VDC WORKING, 79VDC SURGE — 


3480CB479M063JMBS 
3480DB100M063JMBS 
3480FC220M063JMBS 
3480FC330M063JMBS 
3480GC470M063JMBS 
3480GF101M063JMBS 
3480HF221M063JMBS 
3480HG331MO063JMBS 
3480KG471MO063JMBS 
3480LL102MO63JMBS 


80VDC WORKING, 100VDC SURGE 


3480DB479M080JMBS 
3480FC100MO080JMBS 
3480GC220M080JMBS 
3480GD330M080JMBS 
3480GD470M080JMBS 
3480HF101MO080JMBS 
3480HG221MO80JMBS 
3480KJ331MO80JMBS 
3480KL47 1MO80JMBS 


3480CB478M100JMBS 246.916 
3480CB109M100JMBS 116.05 
3480CB229M100JMBS 52.75 


3480CB339M100JMBS 35.166 
3480DB479M100JMBS 24.691 
3480FC100M100JMBS 11.605 
3480GC220M100JMBS 5.275 
3480GD330M100JMBS 3.516 
3480GF470M100JMBS 2.469 
3480HF101M100JMBS 1.160 
3480KG221M100JMBS .528 
3480KJ331M100JMBS 351 


3480LL471M100JMBS .248 
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STANDARD CAPACITANCE VALUES 


SERIES 3480 


Miniature Single-Ended Aluminum Electrolytic Capacitors 


> 
ae 


NG 
Maximum Max. RMS 3 
ESR Ripple Current 5" 
Philips Components Philips Components (OHMS) AMPS at e 
Part Number Part Number 120Hz, 25°C | 120Hz, 85°C 3 
160VDC WORKING, 200VDC SURGE 250VDC WORKING, 300VDC SURGE a] 
3480DB478M160JMBS 3480GD109M250JMBS o 
3480DB109M160JMBS 3480GD229M250JMBS 
3480FC229M160JMBS 3480GD339M250JMBS © 
3480GD339M160JMBS 3480GD479M250JMBS + 
3480GD479M160JMBS 3480HF 100M250JMBS re) 
3480GD100M160JMBS 3480HG220M250JMBS _~< 
3480HF220M160JMBS 3480KG330M250JMBS < 
3480HG330M160JMBS 3480KJ470M250JMBS Ch 
3480KG470M160JMBS S 
3480KL101M160JMBS 
y 
3480GD339M200JMBS 3 
3480GD479M200JMBS gy 
3480GF100M200JMBS fy) 
3480HF220M200JMBS ~t 
3480KG330M200JMBS re. 
3480KG470M200JMBS og 
3480LK101M200JMBS w% 


HOW TO SPECIFY 


Series 3480 Capacitors can be completely specified using the following designation: 


M_ B 
| Philips Components | 


r _  TJolerance Packaging 
Product Series M=+20% | B=Standard Bulk 


T=Tape and Reel 


3480 GF 471 016 


Case Size Code Voltage 
(see physical 016=16VDC Lead 
_ spec) | 100=100VDC Insulation Configuration 
Conscience 6P3=6.3VDC M=Standard PVC SStsndara 
XX=Significant Digits | Options (see Application 
X=Multiplier | _ Mechanical =Cut Guidelines) 
i.e. 471=470uF | Characteristics D=Forming Cut _ 
470= 47uF J=Standard F=Snap in Forming Cut 
478=.47uF | P=Solvent Resistant* M=Snap in Cut 


H=Cut—6.35mm 


*See “Application Guidelines” section page 120 for approved solvents and cleaning solutions. 
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T SERIES 3481 


>» Miniature Single-Ended Aluminum 
Electrolytic Capacitors 


suopoede) 213Aj04}9a/7 Uunulul 


DESCRIPTION: FEATURES: 


Series 3481 capacitors exhibit long operating life ™ Very low impedance and ESR. 


(2000 hours at 105°C) and very low impedance ani ; 
and ESR. They have a higher ripple current rating High petmissibie ripple Gueremit. 
than general purpose aluminum electrolytic ™ Wide operating temperature range (—99 to 


capacitors and are suitable for use in switching +105°C). 


power supplies. = Long life and high reliability equivalent to 2000 
hours at 105°C. 


= Halogenated Solvent Proof Configuration 
available. 


For Application Guidelines see pages 119-125 
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SERIES 3481 


Miniature Single-Ended Aluminum Electrolytic Capacitors 


CHARACTERISTICS 


Operating Temperature Range —55~+105°C 
Capacitance Tolerance —10~+100% (at 120Hz, 20°C) 


Equivalent Series Resistance When measured at a temperature of 20°C and a frequency of 120 and 1000Hz, the ESR shall not exceed 
(ESR) the specified values given in the tables on page 
Impedence When measured at a temperature of 20°C and frequency of 100KHz, the impedance shall to exceed the 
| specified values given in the table. 
Equivalent Series Inductance When measured at a frequency of 1MHz and within 3mm of the body of the capacitor, the ESL shall not 
| exceed 20nH. 


Leakage Current 0.002CV (uA) or 2uA, whichever is greater. (After 3 minutes) 
where C: Nominal capacitance (F) 
V: Rated working voltage (V) 


Low Temperature Capacitance at —55°C shall not be less than 70% of the initial 20°C measured value and the ratio of 
Characteristics impedance at 120Hz shall not exceed the following values. 


rrssvomoc [at atte} ey 2t 2 


| Surge Voltage | 13 | 20 | 32 | 44 | 63 | 79 | 125° 
Permissible Ripple Current 


(at 20°C) 


The following specifications shall be satisfied when the capacitors are restored to 20°C after the rated 
voltage applied for 2,000 hours at 105°C. 

Capacitance change <+15% of initial value 

ESR at 120Hz and 1KHz <150% of initial specified value 

Leakage current < initial specified value 


The following specifications shall be satisfied when the capacitors are restored to 20°C after exposing 
them at 105°C for 500 hours without voltage applied. 

Capacitance change <+10% of initial7 7gue 

ESR at 120Hz and 1KHz < 150% of initia’ specified value 

Leakage current = 200% of initial specified value 


Refer to tables on page. When the ambient temperature and frequency are different from 85°C and 
100KHz respectively, the ripple current shall not exceed the value multiplied by the factor given in Fig. 1 
and Fig. 2, page 80. 


Satisfies characteristics C of JIS C5141*—Test Methods per JIS 5102** 


Others 


*May be ordered American National Standards Institute. 


**“A summary of these standards appears on page 127. 


STANDARD CAPACITANCE VALUES 
sdapia Carveai 


re Max. 
ESR (0) at 20°C Ripple Current 


Capacitance | Philips Components (A RMS) at 
Part Number 85°C & 100KHz 


Capacitance Philips Components | case (A RMS) at 
Part Number Code 85°C & 100KHz 


3481AA470V010JDBS 
3481BC101V010JDBS 


16VDC WORKING, 20VDC SURGE 


3481 AA330V016JDBS 
3481BB470V016JDBS 
3481BC101V016JDBS 


3481BD221V010JDBS 
3481CD331V010JDBS 
3481CE471V010JDBS 
3481CF102VO010JDBS 


3481CD221V016JDBS 
3481CE331V016JDBS 
3481CF681V016JDBS 
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SERIES 3481 


Miniature Single-Ended Aluminum Electrolytic Capacitors 


Capacitance 
uF 


STANDARD CAPACITANCE VALUES 
cata 


Max. 
Ripple Current 
(A RMS) at 
85°C & 100KHz 


ESR (CQ) at 20°C 
Case 
Code 


Philips Components 
Part Number 


Capacitance Philips Components | Case (A RMS) at 
Part Number Code 85°C & 100KHz 


25VDC WORKING, 32VDC SURGE 63VDC WORKING, 79VDC SURGE 


3481 AA220V025JDBS 
3481BB330V025JDBS 
3481BC680V025JDBS 
3481BD101V025JDBS 
3481CE221V025JDBS 
3481CF471V025JDBS 


3481 AA689V063JDBS 
3481BB100V063JDBS 
3481BC220V063JDBS 
3481BD330V063JDBS 
3481CE680V063JDBS 
3481CF101V063JDBS 


3481AA100V035JDBS 
3481BB220V035JDBS 
3481BC470V035JDBS 
3481 BD680V035JDBS 
3481CE101V035JDBS 
3481CF331V035JDBS 


3481AA229V100JDBS 
3481BB339V100JDBS 
3481BC689V100JDBS 
3481BD100V100JDBS 
3481CE220V100JDBS 
3481CF470V100JDBS 


3481AA100VO50JDBS 
3481BC330V050JDBS 
3481BD470V050JDBS 
3481CE101VO50JDBS 
3481CF221V050JDBS 


CASE SIZE OF STANDARD PRODUCTS 


D x L (mm) 


— 
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fe 
o1 
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CASE OUTLINE DRAWING For L<10, oc=1 ForD<10, ,B 
For L>10, oc=2 For D>10, B=1 
F 


Unit (mm) 
; 20 min. 5 min. 

f n 

© 

eS GES 

: o Ger 
a “a VL? : ‘ 
Polyester sleeve | See page 126 for mm to inches conversion table. 


Note: All 3481 capacitors have a safety vent. 
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SERIES 3481 


Miniature Single-Ended Aluminum Electrolytic Capacitors 


RIPPLE CURRENT MULTIPLIERS ae 
: 
> 

r : 

o Be ee 

S £10 m 

5 = 1) 
> = ) 
7 = 0.8 s 

| 

0.4 SJ 

50 100 1K . 10K 100K 65 75 — 85 95 105 pl 
Frequency (Hz) | Temperature (°C) | + 

Fig. 1 Fig. 2 LH 

2 

CASE DIMENSIONS & 
T) 
Ra 
Pi, 
S 
7) 

HOW TO SPECIFY 

Philips Components Series 3481 Capacitors can be completely specified using the following designation: 
3481 CE 471 7 010 J D + Ss 
Philips Components Tolerance Packaging 
Product Series V=—10+100% B=Standard Bulk 
T=Tape and Reel 
Case Size Code me A=Ammo Pack 
(see physical oltage Lead 
spec) 016=16VDC Insulation Configuration 
100=100VDC D=Polyester S=Standard 
Capacitance | 6P3=6.3VDC Options (see Application 
XX=Significant Digits C=Cut Guidelines) 
X=Multiplier Mechanical D=Forming Cut 
i.e. 471=470uF Characteristics F=Snap in Forming Cut 
470= 47uF J=Standard M=Snap in Cut 
478=.47uF P=Solvent Resistant 


*See “Application Guidelines” section page 120 for approved solvents and cleaning conditions. 
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SUPER SNAP’ 
SERIES 3487 


Industrial/ Computer Grade Snap-In 


DESCRIPTION: 


The Series 3487 utilizes a new snap-in terminal 
configuration. This allows fast and easy mounting 
onto printed circuit boards, eliminating the need 
for mounting hardware and reducing assembly 
time. 

State of the art etching and anodizing processes 
have resulted in CV products that are equivalent 
to, or better than, those of most presently avail- 
able aluminum electrolytic capacitors (110,000 pF 
at 6.3 WVDC in a 35 x 80 mm case). 

A newly designed safety vent is integrated into 
the top of the case, opposite from the terminal 
end. The possibility of printed circuit board 
spoilage is thereby reduced. 

A plastic coating of the terminal header is avail- 
able and provides excellent resistance to the 
entrance of most normally used printed circuit 
board cleaners. 

All connections of the 3487 are welded to insure 
long-term electrical integrity. 


60 


Aluminum Electrolytic Capacitors 


FEATURES: 

ELECTRICAL 

m@ Extremely high CV density. 

= Capacitance from 68 to 110,000 uF. 

m@ Voltage range from 6.3 WVDC to 450 WVDC. 
@ 85°C ambient operating temperature. 


@ 2,000-hour life at 85°C with rated DC voltage 
applied. 


= Standard capacitance tolerance +20%. 

@ Excellent frequency response. 

MECHANICAL 

@ Snap-in (self-mounting) terminals 

@ All welded construction 

m Venting mechanism at the top of the case for 
better printed circuit board protection. 

m@ Pitchless construction (no potting compound). 


m@ Protective plastic end seal to allow on-board 
cleaning (upon request). 


& Integral stand off feet on terminal cover for ease 
of board cleaning. 


For Application Guidelines see pages 119-125 
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CAPACITANCE | PHILIPS COMPONENTS 


15000 
18000 
27000 
18000 
22000 
27000 
39000 
56000 
80000 
27000 
33000 
39000 


96000 . 


81000 
110000 


CAPACITANCE | PHILIPS COMPONENTS 
U 
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PART NUMBER 


3487BD153M6P3DF 
3487BE183M6P3DF 
3487BF273M6P3DF 
34870C183M6P3DF 
3487CD223M6P3DF 
3487CE273M6P3DF 
3487CF393M6P3DF 
3487CG563M6P3FF 
3487CH803M6P3FF 
3487DC273M6P3DF 
3487DD333M6P3DF 
3487DE393M6P3DF 
3487DF563M6P3DF 


-3487DG813M6P3FF 


3487DH114M6P3FF 


PART NUMBER 


3487BD123M010DF 
3487BE153M010DF 
3487BF223M010DF 
34870C153M010DF 
34870D183M01 0DF 
3487CE223M01 ODF 
3487CF333M010DF 
3487CG393M01 OFF 
3487CH563M01 OFF 
3487D0223M010DF 


—-3487DD273M010DF 


3487DE333M01 ODF 
3487DF473M010DF 
3487DG563M01 OFF 
3487DH823M01 OFF 


3487BD103M016DF 
3487BE123M016DF 
3487BF183M016DF 
348706C103M016DF 
3487CD153M016DF 
3487CE183M016DF 


3487CF223M016DF 


3487C0G333M016FF 
3487CH473M016FF 
3487D0153M016DF 
3487DD223M016DF 
3487DE273M016DF 
3487DF393M016DF 
3487DG473M016FF 
3487DH683M016FF 


6.3 VDC WORKING, 8 VDC SURGE 


MAXIMUM 
ESR 
(OHMS) 
120HZ +25C | 120HZ +85C 


MAXIMUM | 
ESR 
(OHMS) 


MAXIMUM 
ESR 


MAX 
RIPPLE 
(AMP) 


CAPACITANCE | PHILIPS COMPONENTS 


PART NUMBER 


3487BD682M025DF 
3487BE822M025DF 
3487BF123M025DF 


-3487CC682M025DF 
-3487CD103M025DF 


3487CE123M025DF 
3487CF183M025DF 
3487CG223M025FF 
3487CH333M025FF 
3487DC103M025DF 
3487DD153M025DF 
3487DE183M025DF 
3487DF223M025DF 


348/7DG333M025FF 


3487DH473M025FF 


PART NUMBER 


3487BD472M035DF 
3487BE682M035DF 
3487BF822M035DF 
3487CC562M035DF 
3487CD682M035DF 
3487CE103M035DF 
3487CF123M035DF 
34870G183M035FF 
3487CH223M035FF 
3487DC822M035DF 


~ 3487DD103M035DF 


3487DE123M035DF 
3487DF183M035DF 


3487DG223M035FF 
-3487DH333M035FF 


PART NUMBER 


3487BD332M050DF 
3487BE392M050DF 
3487BF562M050DF 
3487CC332M050DF 
3487CD472M050DF 
3487CES62M050DF 
3487CF822M050DF 
34870G103M050FF 


-3487CH153MO050FF 


3487D0472M050DF 
3487DD682M050DF 
3487DE822MO050DF 
3487DF123M050DF 
3487DG153MO050FF 
3487DH223M050FF 


MAXIMUM 


MAXIMUM 
ESR 
(OHMS) 


SUPER SNAP’ 
SERIES 3487 


25 VDC WORKING, 32 VDC SURGE 


MAX 
RIPPLE 
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SUPER SNAP 
SERIES 3487 


CAPACITANCE | PHILIPS COMPONENTS 
U 


CAPACITANCE | PHILIPS COMPONENTS 


CAPA 


62 


PART NUMBER 


3487BD101M300DF 
3487BE121M300DF 
3487BF181M300DF 
34870C0121M300DF 
3487CD151M300DF 
3487CE181M300DF 
3487CF271M300DF 
34870G331M300FF 
3487CH471M300FF 
3487DC0181M300DF 
3487DD221M300DF 
3487DE271M300DF 
3487DF391M300DF 
3487DG471M300FF 
3487DH681M300FF 


PART NUMBER 


3487BD101M350DF 
3487BE121M350DF 
3487BF151M350DF 
348700101M350DF 
34870D151M350DF 


3487CE181M350DF 
3487CF271M350DF 
34870G331M350FF 
3487CH471M350FF 
3487D0151M350DF 
3487DD221M350DF 
3487DE271M350DF 
3487DF331M350DF 
3487DG471M350FF 
3487DH681M350FF 


300 VDC WORKING, 350 VDC SURGE 


MAXIMUM MAX 
ESR RIPPLE 
(OHMS) (AMP) 
120HZ +25C | 120HZ +85C 


350 VDC WORKING, 400 VDC SURGE 


MAXIMUM MAX 
ESR RIPPLE 
(OHMS) (AMP) 
120HZ +25C | 120HZ +85C 


400 VDC WORKING, 450 VDC SURGE 


CITANCE | PHILIPS COMPONENTS 


UF 


PART NUMBER 


3487BD820M400DF 
3487BE101M400DF. 
3487BF151M400DF 


3487CC101M400DF - 


34870D121M400DF 
3487CE151M400DF 
3487CF221M400DF 
34870G271M400FF 
3487CH391M400FF 
3487DC0121M400DF 


| 3487DD181M400DF 


3487DE221M400DF 
3487DF331M400DF 
3487DG391M400FF 
3487DH561 M400FF 


MAXIMUM 
ESR 
(OHMS) 


120HZ +25C | 120HZ +85C | 


CAPACITANCE | PHILIPS COMPONENTS 


PART NUMBER 


3487BD680M450DF 
3487BE820M450DF 
3487BF121M450DF 
3487CC820M450DF 
3487CD101M450DF 
3487CE121M450DF 
3487CF181M450DF 
3487CG221M450FF 
3487CH331M450FF 
3487DC121M450DF 
3487DD151M450DF 
3487DE181M450DF 
3487DF271M450DF 
3487DG331M450FF 
3487DH471M450FF 


450 VDC WORKING, 500 VDC SURGE 


MAXIMUM | MAX 
ESR RIPPLE 
(OHMS) (AMP) 

120HZ +25C | 120HZ +85C 
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SUPER SNAP’ 
SERIES 3488 


Industrial/ Computer Grade Snap-in 
Aluminum Electrolytic Capacitors 


DESCRIPTION: 


The Series 3488 utilizes a new snap-in terminal 
configuration. This allows fast and easy mounting 
onto printed circuit boards, eliminating the need 
for mounting hardware and reducing assembly 
time. 

A newly designed safety vent is integrated into 
the top of the case, opposite from the terminal 
end. The possibility of printed circuit board 
spoilage is thereby reduced. 

A plastic coating of the terminal header is avail- 
able and provides excellent resistance to the 
entrance of most normally used printed circuit 
board cleaners. 

All connections of the 3488 are welded to insure 
long-term electrical integrity. 
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FEATURES: 


ELECTRICAL 


= Capacitance from 150 to 56,000 uF. 


@ Voltage range from 6.3 WVDC to 250 WVDC. 
@ 85°C ambient operating temperature. 


@ 2,000-hour life at 105°C with rated DC voltage 
applied. 


@ Standard capacitance tolerance +20%. 
@ Excellent frequency response. 
MECHANICAL 

@ Snap-in (self-mounting) terminals 

@ All welded construction 


@ Venting mechanism at the top of the case for 
better printed circuit board protection. 


m Pitchless construction (no potting compound). 


@ Protective plastic end seal to allow on-board 
cleaning (upon request). 


@ Integral stand off feet on terminal cover for ease 
of board cleaning. 
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SUPER SNAP” 
SERIES 3488 


6.3 VDC WORKING, 9 VDC SURGE 


25 VDC WORKING, 40 VDC SURGE 


ae MAXIMUM MAXIMUM 
= ESR ESR 
CAPACITANCE | PHILIPS COMPONENTS (OHMS) CAPACITANCE | PHILIPS COMPONENTS (OHMS) 
3 PART NUMBER 120HZ +25C | 120HZ +85C PART NUMBER 120HZ +25C | 120HZ +85C 
5" 


3488BD153M6P3DF 
3488BE223M6P3DF 
3488BF273M6P3DF 
3488CC183M6P3DF 
3488CD223M6P3DF 
3488CE273M6P3DF 
3488CF393M6P3DF 
3488D0273M6P3DF 
3488DD333M6P3DF 
3488DE393M6P3DF 
3488DF563M6P3DF 


3488BD562M025DF 


3488BE822M025DF 
3488BF103M025DF 


3488CC682M025DF 
3488CD822M025DF 


3488CE123M025DF 
3488CF153M025DF 


3488DC103M025DF 
3488DD123M025DF 


3488DE153M025DF 
3488DF223M025DF 


10 VDC WORKING, 15 VDC SURGE 


MAXIMUM 
: ESR 
CAPACITANCE | PHILIPS COMPONENTS (OHMS) 
U 


PART NUMBER 120HZ +25€ | 120HZ +85C 


3488BD123M010DF 
3488BE153M010DF 
3488BF223M010DF 
348800123M010DF 


35 VDC WORKING, 50 VDC SURGE 


MAXIMUM 
ESR 
CAPACITANCE | PHILIPS COMPONENTS (OHMS) 


120HZ +25C€ | 120HZ +85C 


PART NUMBER 


3488BD472M035DF 
3488BE562M035DF 
3488BF822M035DF 
3488CC562M035DF 
3488CD682M035DF 
3488CE822M035DF 
3488CF123M035DF 
3488DC682M035DF 
3488DD103M035DF 
3488DE123M035DF 
3488DF183M035DF 


suopoede?) 213Ajo4}29a/7 UN 


3488CD183M010DF 
3488CE223M010DF 
3488CF333M010DF 
3488DC0223M010DF 
3488DD273M010DF 
3488DE333M010DF 
3488DF473M010DF 


16 VDC WORKING, 20 VDC SURGE 
MAXIMUM 


50 VDC WORKING, 75 VDC SURGE 


MAXIMUM MAX 


ESR ESR RIPPLE 
CAPACITANCE | PHILIPS COMPONENTS (OHMS) (AMP) CAPACITANCE | PHILIPS COMPONENTS 


(OHMS) (AMP) 
PART NUMBER 120HZ +25C | 120HZ +85C PART NUMBER 120HZ +25C | 120HZ +85C 
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3488BD103M016DF 
3488BE123M016DF 
3488BF183M016DF 
3488C0C0103M016DF 
3488CD153M016DF 
3488CE183M016DF 
3488CF223M016DF 
3488D0153M016DF 
3488DD223M016DF 
3488DE273M016DF 
3488DF333M016DF 


3488BD272M050DF 
3488BE332M050DF 
3488BF472M050DF 
348800272M050DF 
3488CD392M050DF 
3488CE472M050DF 
3488CF682M050DF 
3488DC392M050DF 
3488DD562M050DF 
3488DE682M050DF 
3488DF103M050DF 
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63 VDC WORKING, 90 VDC SURGE 


MAXIMUM 
ESR RIPPLE 
(OHMS) (AMP) 

120HZ +25C | 120HZ +85C 


MAX 


\PACITANCE | PHILIPS COMPONENTS 
UF PART NUMBER 


3488BD182M063DF 


2200 3488BE222M063DF 
3300 3488BF332M063DF 
2200 348800222M063DF 
2700 34880D272M063DF 
3300 3488CE332M063DF 
4700 3488CF472M063DF 
2/00 3488DC272M063DF 
3900 3488DD392M063DF 
4700 3488DE472M063DF 
6800 3488DF682M063DF 


80 VDC WORKING, 100 VDC SURGE 


MAXIMUM 
| ESR 

(OHMS) 
120HZ +25C | 120HZ +85C 


\PACITANCE | PHILIPS COMPONENTS 
PART NUMBER 


3488BD122M080DF 


1500 3488BE152M080DF 
2200 3488BF222M080DF 
1200 3488C0122M080DF 
1800 3488CD182MO080DF 
2200 3488CE222M080DF 
3300 3488CF332M080DF 
1800 3488D0182M080DF 
2/00 3488DD272M080DF 
3300 3488DE332M080DF 


3488DF472M080DF 


100 VDC WORKING, 150 VDC SURGE 
MAXIMUM MAX 


ESR RIPPLE 
APACITANCE | PHILIPS COMPONENTS (OHMS) (AMP) 
UF PART NUMBER 120HZ +25C | 120HZ +85C 
B 820 3488BD821M100DF 
~ 1000 3488BE102M100DF 
,,, 1200 3488BF122M100DF 
y 820 | ~348800821M100DF 
1200 =| 3488CD122M100DF 
1500 3488CE152M100DF 
2200 — 3488CF222M100DF 
1200 3488D0122M100DF 
1800 3488DD182M100DF 
2200 3488DE222M100DF 


2/00 3488DF272M100DF 


SUPER SNAP™ 
SERIES 3489 


160 VDC WORKING, 200 VDC SURGE 


MAXIMUM MAX 
ESR RIPPLE 
(OHMS) (AMP) 
120HZ +25C | 120HZ +85C 


CAPACITANCE | PHILIPS COMPONENTS 


PART NUMBER 


3488BD271M160DF 
3488BE391M160DF 
3488BF561M160DF 
348800331M160DF 
3488CD471M160DF 
3488CE561M160DF 
3488CF681M160DF 
3488DC471M160DF 
3488DD561M160DF 
3488DE821M160DF 
3488DF102M160DF 


CAPACITANCE | PHILIPS COMPONENTS 
U 


PART NUMBER 


3488BD271M200DF 
3488BE391M200DF 
3488BF471M200DF 
348800331 M200DF 
34880D471M200DF 
3488CE561M200DF 
3488CF681M200DF 
3488DC471M200DF 
3488DD561M200DF 
3488DE821M200DF 
3488DF102M200DF 


CAPACITANCE | PHILIPS COMPONENTS 


PART NUMBER 


3488BD151M250DF 
3488BE181M250DF 
3488BF271M250DF 
348800181M250DF 
34880D221M250DF 
3488CE271M250DF 
3488CF391M250DF 
3488DC221M250DF 
3488DD331M250DF 


3488DE391M250DF 
3488DF561M250DF 


MAXIMUM 
ESR RIPPLE 
(OHMS) (AMP) 
120HZ +25€ | 120HZ +85C 
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SUPER SNAP 
SERIES 3487 


CAPACITANCE | PHILIPS COMPONENTS 


66 


CAPACITANCE | PHILIPS COMPONENTS 


PART NUMBER 


3487BD222M063DF 
3487BE272M063DF 
3487BF392M063DF 
34870C222M063DF 
3487CD332M063DF 


3487CE392M063DF 


3487CF562M063DF 
3487CG682M063FF 
3487CH103M063FF 


3487DC0332M063DF 
3487DD472M063DF 
3487DE562M063DF 


3487DF822M063DF 


3487DG103M063FF 


3487DH153M063FF 


CAPACITANCE | PHILIPS COMPONENTS 


PART NUMBER 


3487BD122M080DF 
3487BE182M080DF 
3487BF222M080DF 
348700152M080DF 
3487CD182M080DF 
3487CE272M080DF 
3487CF332M080DF 
34870G472M080FF 
3487CH682MO080FF 
3487DC222M080DF 
3487DD272M080DF 
3487DE332M080DF 
3487DF472M080DF 
3487DG682M080FF 
3487DH822M080FF 


PART NUMBER 


3487BD821M100DF 
3487BE122M100DF 
3487BF152M100DF 
348700102M100DF 
3487CD122M100DF 
3487CE182M100DF 
3487CF222M100DF 
34870G272M100FF 
3487CH392M1 OOFF 
3487D0152M100DF 
3487DD182M100DF 
3487DE222M100DF 
3487DF332M100DF 
3487DG392M100FF 
3487DH562M100FF 


63 VDC WORKING, 79 VDC SURGE 


MAXIMUM 
ESR 
(OHMS) 
120HZ +25C | 120HZ +85C 


80 VDC WORKING, 100 VDC SURGE 


MAXIMUM MAX 
ESR RIPPLE 
(OHMS) (AMP) 
120HZ +25C | 120HZ +85C 


100 VDC WORKING, 125 VDC SURGE 


MAXIMUM | MAX 
ESR RIPPLE 
(OHMS) (AMP) 
120HZ +25C | 120HZ +85C 


CAPACITANCE | PHILIPS COMPONENTS 
U 


PART NUMBER 


3487BD271M160DF 
3487BE331M160DF 
3487BF471M160DF 
3487CC271M160DF 
34870D391M160DF 


3487CE471M160DF 
3487CF681M160DF 
3487CG821M160FF 
3487CH122M160FF 
3487DC331M160DF 
3487DD561M160DF 
3487DE681M160DF 
3487DF102M160DF 
3487DG122M160FF 
3487DH182M160FF 


CAPACITANCE | PHILIPS COMPONENTS 


PART NUMBER 


3487BD221M200DF 
3487BE271M200DF 
3487BF391M200DF 
34870C221M200DF 
3487CD271M200DF 
3487CE331M200DF 
3487CF471M200DF 
3487CG561M200FF 
3487CH391M200FF 
3487DC0561M200DF 
3487DD681M200DF 
3487DE821M200DF 
3487DF102M200DF 
3487DG122M200FF 
3487DH152M200FF 


CAPACITANCE | PHILIPS COMPONENTS 
U 


PART NUMBER 


3487BD181M250DF 
3487BE221M250DF 
3487BF331M250DF 
3487CC221M250DF 
3487CD271M250DF 
3487CE331M250DF 
3487CF471M250DF 
3487CG561M250FF 
34870H331M 250DF 
3487DC391M250DF 
3487DD471M250DF 
3487DE681M250DF 
3487DF821M250DF 
3487DG102M250FF 
3487DH122M250FF 


160 VDC WORKING, 200 VDC SURGE 


MAXIMUM | MAX 
ESR RIPPLE 
(OHMS) (AMP) 
120HZ +25C | 120HZ +85C 


200 VDC WORKING, 250 VDC SURGE 


MAXIMUM MAX 
ESR RIPPLE 
(OHMS) (AMP) 
120HZ +25€ | 120HZ +85C 


250 VDC WORKING, 300 VDC SURGE 


MAXIMUM 
ESR 
(OHMS) 
120HZ +25C | 120HZ +85C 
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SUPER SNAP” 
SERIES 3489 


Industrial/Computer Grade Snap-In Aluminum 


Special Design For “Off-Line” Switching Application 


DESCRIPTION 


The series 3489 is specially designed for input 
Capacitor application in off line switching power 
supplies. It utilizes a new snap-in configuration 
with integral standoffs. This allows fast and easy 
mounting into circuit boards. The standoffs pro- 
vide space between capacitor body and PWB for 
easy cleaning and preventing cleaning fluid 
entrapment. 

State of the art etching and anodizing process 
results in extremely high CV product in the applic- 
able 200 and 250 W.V. area. This combined with 
very lowE.S.R. and ripple current capability pro- 
duce a capacitor ideal for off line switch mode 
application. 

The specially designed safety vent in the top of 
the can minimizes PWB damage by electrolyte 
spill in case of venting. 

All internal and external connections of the 3489 
are welded to ensure integrity of all contacts. 
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Electrolytic Capacitor 


FEATURES 


ELECTRICAL 
m@ Very high CV density. 


@ Capacitance from 270 to .1200 
m@ Voltage range of 200 and 250 VDC. 
@ 85°C ambient operating temperature. 


# 2000 hour life at 85°C with rated DC voltage 
applied. 


= Standard capacitor tolerance of =20%. 
@ Excellent high frequency response. 
@ Low E.S.R. with high ripple current ratings. 


MECHANICAL 
@ Snap-in (self mounting) terminals. 


-& All welded connectors. 


= Top mounted safety vent device for PWB 
protection. 


m@ Pitchless construction (no potting compound) 


m Integral standoff feet on terminal end for 
improved PWB cleaning. 
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SUPER SNAP’ 
fy SERIES 3489 


> 200 VDC WORKING, 250 VDC SURGE 
> MAXIMUM MAX 
ESR RIPPLE 
= CAPACITANCE | PHILIPS COMPONENTS (OHMS) (AMP) 
S' PART NUMBER 120HZ +25C | 120HZ +85C 
= 3489BD331M200DF 
= 3489BE471M200DF 
3489BF681M200DF 
m 3489CC391M200DF 
% 3489CD561M200DF 
eB 3489CE681M200DF 
Fae 3489CF102M200DF 
<Q 3489D0561M200DF 
<3 3489DD821M200DF 
ne 3489DE102M200DF 
ct 3489DF122M200DF 
°' 
g 250 VDC WORKING, 300 VDC SURGE 
% MAXIMUM 
Ss ESR 
a CAPACITANCE | PHILIPS COMPONENTS (OHMS) 
Qo PART NUMBER 120HZ +25C | 120HZ +85C 
S 3489BD271M250DF 
> 3489BE331M250DF 


3489BF471M250DF 
348900331 M250DF 
3489CD391M250DF 
3489CE471M250DF 
3489CF681M250DF 
3489D0391M250DF 
3489DD561M250DF 
3489DE681M250DF 
3489DF102M250DF 
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SERIES 3500 


A.C. Motor Start Capacitor 


DESCRIPTION 


Philips Components Series 3500 A.C. motor-start 
capacitor is an electrochemical device consisting 
of compactly wound aluminum foil separated by 
layers of paper, which are impregnated with a 
conducting electrolyte. Etching of the foil prior to 
formation and winding increases both the effec- 
tive foil surface area and the capacitance per 
unit volume of the finished capacitor. The entire 
assembly is housed in a molded plastic container. 


Capacitors are rated for operation in ambient 
temperatures from —40°C to +65°C, and at a 
frequency of 50 Hz to 60 Hz. 


Two case styles are available along with a choice 
of terminals and mounting methods. Four terminal 
types are available. All have a special metal to 
metal under cover connection for positive ter- 
minal contact with the capacitor roll tabs. On 
special order, units can be supplied with bleeder 
resistors soldered across the terminals. 


FEATURES 


m@ Plastic case requires no insulation. 


@ Stable electrical characteristics after 75,000 
starts (110VAC and 125VAC). 


@ Type 3535 meets EIA Type | specifications. 
@ Type 3534 meets EIA Type II specifications. 
= Longer life due to cooler operation. 

@ Four terminal types available. 
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SERIES 3500 


A.C. Motor Start Capacitor 


= CASE DIMENSIONS AND STYLES CASE OUTLINE DRAWING 
3. Dimensions in Inches (I 
S : r Case A yf rf 
3 case Size +0.010 +0.020 W (Max) ia at an 
m 1 1 he 24h 0.032 Pee ek a 
o 2 1the 3% 032 an 
af 3 1%6 4%, 032 
| 4 11346 338 032 TERMINAL SPACING 
o 5 136 436 032 
<< 6 2"e6 3% 032 
& re 2"%e6 4%, 032 
Lr) 8 26 43% 032 
~ , 
a3 
3 
© END CAPS 
ee 1) 
S Bottom Lead Hole Top Lead Hole END CAPS 
a Case Size CatalogNo. CaseSize Catalog No. Bottom Lead Hole Top Lead Hole 
23 614A766AAP1 a 614A766ABP1 8 
4,5 614A766AAP2 4,5 614A766ABP2 
6,7 614A766AAP3 6,7 614A766ABP3 
8 614A766AAP4 8 614A766ABP4 SS 
BRACKETS 
ar BRACKET DRAWING 
size Catalog No. A B C D = esas 
3,5,7,8 614A765ABP1 5.015 4.656 2.0 — 2.078 Fs) 
2,46 614A765ABP2 4.015 3.650 1.703 .906 1.578 ) GN 
1 614A765ABP3 3.374 3.015 1.062 586 1.258 j : 
LEADS AND TERMINALS x A | 
If required, leads (with or without terminals) can ae 


be supplied at extra cost. Standard lengths vary TERMINALS 
from 4 to 28 inches in 2-inch increments. Lead 


a — 2 oy 6 
wire is #18 stranded copper conductor with 0.062” bs 
min. thickness thermoplastic insulation. Insulation Poh teh gJ 


s . 1 Ti s s : + D 
is Stripped ’2" from ends, and bared lead is tinned. Lica gee ee ie 
Upon request, leads can be supplied with ter- with solder lug 

minals affixed to one end. Either eyelet or female 


. . : (Quick-connect terminals are also suitable for. soldered connections). 
quick-connect terminals are available. _— 


Evel Female 
=e) t vole my quick-connect 
a mn terminal 
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STANDARD CAPACITANCE VALUES EIA TYPE | 


Case 


110 VOLTS AC 


el+25 
25-30 
30-36 


36-43 
43-53 
47-56 


53-64 
64-77 
72-88 
88-108 
108-130 
124-149 
130-156 
145-175 
161-193 
189-227 
216-259 
233-280 


243-292 
270-324 
340-408 


378-440 
400-480 
430-516 


460-552 ° 
540-648 | 
590-708 
710-850 


125 VOLTS AC 


21-25 
25-30 
30-36 
36-43 
43-53 
47-56 
53-64 
64-77 
72-88 


88-108 
108-130 
124-149 


130-156 
145-175 
161-193 


189-227 
216-259 
233-280 


243-292 
270-324 
340-408 


378-440 
400-480 
430-516 
460-552 
560-648 


21-25 


165 VOLTS AC 


OnNnNA HAHA AAA POMA AHA Bae aoe oes 4. ur 


ON NOW O) @ Bo sBeAoRS fO.N) =e 4 ek Sk ek ek a 


3535B 1A0021A110** 
3535B 1A0025A 1 10** 
3535B 1A0030A 1 10** 


3535B 1A0036A 1 10** 
3535B 1A0043A 1 10** 
3535B 1A0047A1 10** 


3535B 1A0053A 1 10** 
3535B 1A0064A 1 10** 
3535B 1A0072A 1 10** 


3535B 1A0088A 1 10** 
3535B1A0108A110** 
3535B1A0124A110** 


3535B 1A0130A1 10** 
3535B 1A0145A1 10** 
3535B 1A0161A1 10** 


3535B 2A01 89A 1 10** 
3535B 2A0216A110** 
3535B 2A0233A 1 10** 


3535B4A0243A1 10** 
3535B4A0270A1 10** 
3535B4A0340A 1 10** 


3535B4A0378A1 10** 
3535B4A0400A 1 10** 
3535B4A0430A 1 10%* 


3535B4A0460A 1 10** 
3535B 7A0540A 1 10** 
3535B 7AO590A 1 10** 
3535B8A0710A1 10** 


3535B 1A0021A125** 
3535B 1A0025A1 25** 
3535B 1A0030A 1 25** 


3535B 1A0036A 1 25** 
3535B 1A0043A125** 
3535B 1A0047A125** 


3535B 1A0053A125** 
3535B1A0064A125** 
3535B1A0072A125** 


3535B 1A0088A 125** 
3535B 1A0108A125** 
3535B1A0124A125** 


3535B 1A0130A125** 
3535B2A0145A 1 25** 
3535B2A0161A125** 


3535B 2A01 89A1 25** 
3535B4A0216A1 25** 
3535B4A0233A1 25** 


3535B4A0243A1 25** 
3535B4A0270A125** 
3535B5A0340A 1 25** 
3535B5A0378A 1 25** 
3535B5A0400A 1 25** 
3535B 7A0430A1 25** 
3535B7A0460A 1 25** 
3535B8A0560A 1 25** 


3535B 1A0021A165** 
3535B 1A0025A 165** 
3535B 1A0030A 165** 


3535B 1 AO036A 165** 


3535B 1A0043A 165** 
3535B 1A0047A165** 


UF 
Min-Max 


53-64 
64-77 


72-88 
88-108 
108-130 
124-149 
130-156 
145-175 
161-193 


188-227 
216-259 
233-280 


243-292 
270-324 
340-408 
400-480 


Z\*20 
25-30 
30-36 


36-43 
43-53 
47-56 
53-64 
64-77 
72-88 
88-108 
108-130 
124-149 


130-156 
145-175 
161-193 
189-227 


21-25 
25-30 
30-36 
36-43 
43-53 
47-56 
53-64 
64-77 
72-88 
88-108 
108-130 
124-149 
130-156 
145-175 
161-193 


21-25 
25-30 
30-36 
36-43 
43-53 
47-56 


53-64 
64-77 
72-88 
88-108 
108-130 


Case 
Size 


165 VOLTS AC 


ONNH HAHA ARAL AND = A= 


220VOLTS AC 


OONH AHA AAA DYDD A238 


250 VOLTS AC 


OMOaonaonaAA RPANM NH AH 


330 VOLTS AC 


ONUA AAH A. HMM 


Part Number 


3535B 1A0053A 165** 
3535B 1A0064A 165** 


3535B 1A0072A165** 


3535B 2A0088A 165** 
3535B 2A0 108A 165** 
3535B4A0124A165** 


3535B4A0130A165** 
3535B4A0145A165** 
3535B4A0161A165** 


3535B4A0189A165** 
3535B5A0216A165** 
3535B5A0233A165** 


3535B5A0243A165** 
3535B5A0270A 165** 
3535B7A0340A 165** 
3535B8A0400A 165** 


3535B 1A0021A220** 
3535B 1A0025A 220** 
3535B 1A0030A220** 


3535B2A0036A220** 
3535B2A0043A220** 
3535B2A0047A220** 


3535B4A0053A 220** 
3535B 4A0064A 220** 
3535B4A007 2A 220** 


3535B4A0088A 220** 
3535B5A0108A220** 
3535B5A01 24A220** 


3535B5A0130A220** 
3535B7A0145A220** 
3535B8A0161A220** 
3535B8A01 89A220** 


3535B 1A0021A250** 
3535B 1A0025A250** 
3535B 1 A0030A250** 


3535B2A0036A 250** 
3535B4A0043A250** 
3535B4A0047A250** 


3535B4A0053A 250** 
3535B4A0064A 250** 
3535B4A007 2A250** 


3535B5A0088A 250** 
3535B5A0108A250** 
3535B7A0124A250** 


3535B8A0130A250** 
3535B8A0145A250** 
3535B8A0161A250** 


3535B 2A0021A330** 
3535B2A0025A330** 
3535B4A0030A330** 


3535B4A0036A330** 
3535B4A0043A330** 
3535B4A0047A330** 
3535B5A0053A330** 


3535B5A0064A330** 
3535B5A007 2A330** 
3535B 7A0088A330** 
3535B8A0108A330** 


NOTE: **Last two digits of part number to be assigned by the computer for individual customer identification. Part numbers 
shown are for standard parts. Recessed case, double quick connect terminals. 
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SERIES 3500 


A.C. Motor Start Capacitor 


STANDARD CAPACITANCE VALUES EIA. TYPE II 


110 VOLTS AC 


165 VOLTS AC 


NOTE: **Last two digits of part number 


21-25 
25-30 
30-36 
36-43 


43-53 
47-56 
53-64 
64-77 
72-88 
88-108 

108-130 

124-149 

130-156 

145-175 

161-193 

189-227 


216-259 
233-280 
243-292 
270-324 


340-408 
378-440 
400-480 
430-516 
460-552 
540-648 
590-708 
710-850 


829-995 


1000-1200 


125 VOLTS AC 


21-25 
25-30 
30-36 
36-43 


43-53 
47-56 
53-64 
64-77 


72-88 

88-108 
108-130 
124-149 


130-156 
145-175 
161-193 
189-227 


216-259 
233-280 
243-292 
270-324 
340-408 
378-440 
400-480 
430-516 


460-552 
560-648 
645-774 
829-995 


21-25 
eoe80 
30-36 
36-43 
43-53 
47-56 
53-64 
64-77 


Case 
Size 


{ 
1 
{ 
{ 
{ 
{ 
1 
1 
1 
1 
1 
1 
1 
1 
, 
1 
2 
Z 
2 
2 
4 
4 
4 
4 
4 
5 
5 
vé 
rg 
8 


a oe a ee ae 2 oe 


Part Number 


3534B 1A0021A110** 
3534B 1A0025A 1 10** 
3534B 1A0030A 1 10** 
3534B 1A0036A 1 10** 


3534B 1A0043A 1 10** 
3534B 1A0047A1 10** 
3534B 1A0053A 1 10** 
3534B 1A0064A 1 10** 


3534B 1A0072A110** 
3534B 1A0088A 1 10** 
3534B 1A0108A 1 10** 
3534B 1A0124A1 10%** 
3534B 1A0130A110** 
3534B 1A0145A110** 
3534B 1A0161A110** 
3534B 1A0189A110** 


3534B 2A0216A1 10** 
3534B2A0233A1 10** 
3534B 2A0243A1 10** 
3534B2A0270A110** 


3534B4A0340A 1 10** 
3534B4A0378A110** 
3534B4A0400A 1 10** 
3534B4A0430A 1 10** 


3534B4A0460A 1 10** 
3534B5A0540A 1 10** 
3534B5A0590A 1 10** 
3534B 7A0710A110** 


3534B 7A0829A 1 10** 
3534B8A 1000A 1 10** 


3534B 1A0021A125** 
3534B 1A0025A 1 25** 
3534B 1A0030A 125** 
3534B 1A0036A 1 25** 


3534B 1A0043A 125** 
3534B 1A0047A125** 
3534B 1A0053A 125** 
3534B 1A0064A 1 25** 


3534B 1A007 2A 125** 
3534B 1A0088A 125** 
3534B 1A0108A125** 
3534B 1A0124A125** 


3534B 1A0130A125** 
3534B 1A0145A125** 
3534B 1A0161A125** 
3534B 2A0189A125** 


3534B2A0216A125** 
3534B2A0233A 1 25** 
3534B3A0243A125** 
3534B3A0270A125** 


3534B4A0340A 1 25** 
3534B4A0378A125** 
3534B4A0400A 1 25** 
3534B4A0430A 125** 


3534B4A0460A 1 25** 
3534B5A0560A 1 25** 
3534B 7A0645A 1 25** 
3534B8A0829A 1 25** 


3534B 1A0021A165** 
3534B 1A0025A165** 
3534B 1A0030A 165** 
3534B 1A0036A 165** 
3534B 1A0043A 165** 
3534B 1A0047A165** 
3534B 1A0053A165** 
3534B 1A0064A 165** 


UF 
Min-Max 


72-88 


88-108 
108-130 
124-149 
130-156 


145-175 
161-193 
189-227 
216-259 


233-280 
243-292 
270-324 
340-408 


400-480 
460-552 


_220VOLTS AC 


21-25 
25-30 
30-36 
36-43 
43-53 


47-56 
53-64 
64-77 
72-88 
88-108 
108-130 
124-149 
130-156 
145-175 
161-193 


189-227 
233-280 
270-324 


250 VOLTS AC 


21-25 
25-30 
30-36 
36-43 
43-53 
47-56 
53-64 
64-77 
72-88 
88-108 
108-130 
124-149 
130-156 
145-175 
161-193 


189-227 
233-280 


330 VOLTS AC 


21-25 
25-30 
30-36 
36-43 


43-53 
47-56 
53-64 
64-77 
72-88 
88-108 
108-130 
124-149 
145-174 


shown are for standard parts. Recessed case, double quick connect terminals. 
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Case 
Size Part Number 


165 VOLTS AC. 


MOON NNOUGOA HAPHOSOM YAH HH OnNNOTAAHA AHhAH PMMA = 


ODO NNOTHNAPAADNY MMND=- 


MOMOAN NNOA LKR AAN DP 


~ 3534B2A0021A330** 


3534B 1A0072A165** 


3534B 1A0088A 165** 
3534B2A0108A165** 
3534B 2A0124A165** 
3534B4A0130A165** 


3534B4A0145A165** 
3534B4A0161A165** 
3534B4A0189A 165** 
3534B4A0216A165** 


3534B5A0233A 165** 
3534B5A0243A165** 
3534B5A0270A165** 
3534B7A0340A165** 


3534B 7A0400A 165** 
3534B8A0460A 165** 


3534B 1A0021A220** 
3534B 1A0025A220** 
3534B 1 A0030A220** 
3534B 1 A0036A220** : 
3534B2A0043A 220** 


3534B2A0047A220** 
3534B 2A0053A 220** 
3534B4A0064A 220** 
3534B4A007 2A220** 
3534B4A0088A 220** 


3534B4A0 108A220** 
3534B5A0124A220** 
3534B5A0130A220** 
3534B7A0145A220** 
3534B7A0161A220** 


3534B7A0189A220** . 
3534B8A0233A220** 
3534B8A0270A220** 


3534B 1A0021A250** 
3534B 1A0025A250** 
3534B2A0030A250** 
3534B 2A0036A 250** 
3534B 2A0043A250** 


3534B 2A0047A250** 
3534B4A0053A 250** 
3534B4A0064A250** 
3534B4A0072A250** 
3534 B5A0088A250** 


3534B5A0108A250** 
3534B5A0 124A250** 
3534B5A0130A250** 
3534B7A01 45A250** 
3534B7A0161A250** 


3534B8A01 89A250** 
3534B8A0233A250** 


3534B2A0025A330** 
3534B4A0030A330** 
3534B4A0036A330** 


3534B4A0043A330** 
3534 B4A0047A330** 
3534B5A0053A330** 
3534B5A0064A330** 
3534B5A0072A330** 


3534B 7A0088A330** 
3534B8A0108A330** 
3534B8A0124A330** 
3534B8A0145A330** 


to be assigned by the computer for individual customer identification. Part numbers 
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SERIES 3500 


A.C. Motor Start Capacitor 


PERFORMANCE SPECIFICATIONS 


1. TEMPERATURE. 

1.1 Operating. These capacitors are designed 
to operate within the ambient temperature range 
of —40°C to 65°C. 

1.2 Storage. These capacitors may be subjected, 
without permanent damage, to conditions in 
transit where temperatures range from —55°C to 
roo LU. 

1.3 Tolerance. Unless otherwise specified, tem- 
perature tolerance shall be +3°C. 

2. FREQUENCY. Unless otherwise specified, 
frequency shall be 50-60 Hz. 

3. VOLTAGE RATING. The rated voltage is the 
rms value of AC voltage at which the capacitor 
may be operated at its normal duty cycle and 


. maximum ambient temperature. 


4. CAPACITANCE AND POWER FACTOR. 


4.1 Measurement. Using the circuit shown in 
Fig.1, apply rated voltage to the capacitor and 
measure current and power dissipated. Current 
shall be measured within 3 seconds, dissipated 
power within 4 seconds after application of rated 
voltage. 


Capacitor 
Under Test 


60 Hz 


FIGURE 1 


4.2 Temperature. Measurement shall be made at, 
or referred to, a temperature of 25°C. 


4.3 Calculation of Capacitance and Power Factor. 


%PF = x 100 
Where C is capacitance in ufs 
| is Current in amperes 
7 is a constant (3.14) 
f is frequency in hertz 
V is applied voltage 
PF is the power factor 
W is power dissipated in watts 


VI 


4.4 Requirements. Capacitance shall be within 
specified limits and the power factor shail not 


exceed 10%. 
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5. LIFE TEST* 

5.1 Capacitors shall be placed in a circulating 
air oven at an ambient temperature of 65°C. 
Spacing between capacitors must be at least 1” 
and capacitors must not be subjected to direct 
radiation from heating elements. Circulation of 
air shall be sufficient to keep the temperature, 
within six (6) inches of the capacitor, below 68°C. 
* Caution—Confine capacitor(s) under test to 
isolate all electrical connections for the safety of 
personnel. 

5.1.1 A resistance equivalent to approximately 
10% of the capacitor impedance shall be con- 
nected in series with each capacitor. A resistor 
of approximately 1000 ohms shall be connected 
in parallel with each capacitor. 

5.1.2 Rated voltage shall be applied to the 
capacitor resistor combination for 3535 capac- 
itors EIA Type | as specified below. Table is per 
EIA Standard RS-463. 


Rated Duty Minimum 
Voltage Voltage Cycle Cycle Number Starts 
110, 115 2 times per 0.0250 75,000 
and 125 minute 34 sec. on; 
29% sec. Off. 
165, 220, 250 1timeperminute 0.0167 40,000 
and 330 1 sec. on; 
59 sec. off. 
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SERIES 3500 


A.C. Motor Start Capacitor 


0.1.3 Rated voltage shall be applied to the 
capacitor resistor combination for 3534 capac- 
itors EIA Type Il as specified below. Table is per 
EIA Standard RS-463. 


Rated 
Voltage, 
Test (mfd) 


Voltage Seconds|Second 
21-25 124-149 
130-156 | 243-292 


270-324 | 378-454 
400-480 | 540-648 


Capacitance 
Rating 


Duty Cycle Duration 


7. TERMINAL STRENGTH. At the point of normal 
lead connection, terminals shall withstand a force 
of 5 pounds applied gradually in any direction 
for a period of one minute. There shall be no 
loosening of the terminals or damage to the ter- 
minal or seal. 

8. CASE INSULATION. Capacitors are designed 
to withstand a 1500-volt rms 60-cycle voltage 
applied for 5 seconds between terminals and 
case without breakdown or flashover. 


Rated Capacitance 


990-708 


21-25 
124-149 
216-259 
378-454 
940-648 
829-995 


21-25 
108-130 
161-193 


243-292 
400-480 
645-774 


21-25 
108-130 
130-156 
233-280 
378-454 


850-1020 
1000-1200} 1280-1546 


108-130 
189-227 
340-408 
460-552 
815-978 


1020-1224 


88-106 
145-174 
233-280 
378-454 
990-708 
800-960 


88-106 
124-149 
216-259 
340-408 
990-708 


12,500 


Rating 
(mfd) 


s 


21-25 
37-56 
88-106 
161-193 
270-324 
21-25 
36-43 
72-86 
108-130 
216-259 
21925 
25-30 
36-43 
72-86 
108-130 


30-36 
64-77 
88-106 
189-227 
324-389 
21-25 
30-36 
64-77 
88-106 
130-156 


of Test * 
econds |Seconds | (Number 
On Off of Starts) 


a a 


*The number of starts shown in this column are reduced starts for 
accelerated testing so that test time does not exceed 35 days. Type 2 
capacitors should be capable of 50,000 starts for ratings to 125 volts and 
40,000 starts for higher voltages. 


9.2 Upon completion of the life test, the capac- 
itors shall be returned to room ambient for a 
minimum of 24 hours.The capacitors shall then 
meet the following requirements: 


0.2.1 Capacitance, when measured per para- 
graph 4, shall not differ from the initial measured 
value by more than 25%. 

0.2.2 The power factor, when measured per 
paragraph 4, shall not exceed 20%. 

6. OVERVOLTAGE TEST. Capacitors shall with- 
stand, without breakdown or visible mechanical 
damage, 140% of rated voltage for one second 
at room temperature (EIA Type | capacitors only). 


Se ee | 


* The number of starts shown in this column are reduced starts for accelerated testing 
so that test time does not exceed 35 days. Type 2 capacitors should be capable of 
50,000 starts for ratings to 125 volts and 40,000 starts for higher voltages. 
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A.C. Motor Start Capacitor 


9. VIBRATION. Capacitors shall be clamped 
rigidly to a vibration platform and subjected to a 
simple harmonic motion having a maximum 
peak-to-peak amplitude of .06 inches and a 
maximum acceleration of 10g. The frequency of 
vibration shall be varied linearly between 10 and 
55 cycles per second. The entire frequency range, 
10 to 55 to 10 cps, shall be traversed in one 
minute. Capacitors shall be vibrated for 1% hours 
with the direction of motion being parallel to the 
axis of the capacitor. The capacitors shall then 
be placed so that the direction of motion is 
perpendicular to the axis and the vibration con- 
tinued for 1% hours. During the last ’2 hour of the 
test, the capacitor shall be connected to a bridge 
and observed for a 3 minute period. A capacitor 
failing the vibration test is defined as one failing 
to meet the requirements of paragraph 9.1. 

9.1 There shall be no evidence of loosening of 
the capacitor element within the container, when 
shaken by hand following the test. There shall be 
no indication of intermittent contact during the 
3 minute observation period. Capacitors shall not 
be open or shorted. 


10. MARKING. Capacitors will have the following 
minimum marking: 


Manufacturer’s Name And/Or Symbol 
Manufacturer’s Part Number 
Capacitance (Min-Max Mfd) 

Rated Voltage 

Rated Frequency 

EIA Source and Date Code 


APPLICATION GUIDELINES 


The Philips Components AC Motor Start capacitors 
are non-polar aluminum electrolytic capacitors 
designed for intermittent AC duty; more specifi- 
cally, the starting of small AC motors. They are 
not suitable for most DC or continuous AC 
applications. 


1. DUTY CYCLE. The duty cycle of an AC Motor 
Start capacitor may be determined by dividing 
the capacitor’s on-time (energized time) by the 
sum of its on-time (energized time) and its off- 
time (de-energized time). For a given AC Motor 
Start capacitor, operating at a given voltage and 
ambient temperature; the time-averaged power 
dissipated by the capacitor, the internal operating 
temperature of the capacitor and, therefore, the 
life expectancy of the capacitor are all directly 
proportional to the capacitor’s duty cycle. 


1.1 Normal capacitor life may be realized 
(assuming voltage and temperature limits are not 
exceeded) when the on-time of a capacitor does 
not exceed 3 seconds and its duty cycle does 
not exceed 0.0167. Example: Twenty (20) three 
(3) second starts per hour yield a duty cycle of 
0.0167 and does not exceed the three (3) second 
on-time limit. 

1.2 Longer than 3 second on-times are not 
recommended as they will cause the capacitor’s 
life to be shortened. Should they be unavoidable, 
there are certain things that can be done to 
minimize the degradation of the capacitor’s life 
scare For on-times up to 6 seconds: 


- Reduce the duty cycle by increasing the off-time 
- Reduce the ambient temperature 
- Provide forced air cooling 
- Use a capacitor with a higher voltage rating 
- Series two capacitors each having twice the 

mfd value of the original. 
2. FREQUENCY. These capacitors are designed 
for and are tested at 60 Hz. They are, however, 
suitable for use from 50 to 60 Hz. 
3. VOLTAGE. Rated voltage and overvoltage 
(proof test) have been covered in the PERFOR— 
MANCE SPECIFICATIONS section and will not be 
reiterated here. However, there is a third voltage 
that should be considered in the application of 
AC Motor Start capacitors. 
During the start cycle of a normal capacitor 
motor, the voltage impressed across the AC motor 
start capacitor does not remain constant. It should 
start close to the rated voltage, dip slightly and 
then begin to increase as the motor’s RPM 
increases. Should the start switch fail to open, it 


-is possible for the capacitor’s voltage to increase 


to as much as 2 to 3 times the capacitor’s rated 
voltage. 
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SERIES 3500 


A.C. Motor Start Capacitor 


3.1 Normal capacitor life may be realized 
(assuming temperature and duty cycle limits are 
not exceeded) when, during the start cycle, the 
voltage impressed across the capacitor does not 
exceed 125% of its rated voltage. 

4. TEMPERATURE. The storage and operating 
temperatures have been covered in the PER- 
FORMANCE SPECIFICATIONS section. There has 
been some misunderstanding about the —40°C 
lower limit. As the temperature decreases from 
room temperature, capacitance starts to fall and 
% power factor (measurement of losses) starts 
to rise. Either one of these effects will cause a 
decrease in a motor’s starting torque. The effects 
are such that below —40°C, a stalled rotor con- 
dition could occur. However, because the losses 
are so high, the internal capacitor temperature 
will rise rather quickly, thus restoring normal 
start torque. The total effect may just be a delay 
in the motor reaching switch out speed. 


5. SHELF LIFE. The normal shelf life expectancy 
for these capacitors is typically in excess of 5 
years when stored in ambient temperatures not 
exceeding 40°C. 


6. RESISTORS. Some specialized applications 
require that the motor start capacitor be dis- 
charged prior to the closing of the start switch. 
This minimizes shock hazard, Switch Bounce 
noise, and peak contact currents. The resistor 
used to discharge the capacitor should be large 
enough so as not to significantly increase the 
power factor and small enough to insure dis- 
Charging the capacitor within the time required. 
Normally, a 15K ohm +20% 2-watt resistor is 
used. Consult factory for this option. 


7. MOUNTING. Vertical mounting of the capacitor 
with the terminals up is recommended; however, 
horizontal mounting with the pressure relief vent 
up Is acceptable. Vertical mounting with terminals 
down or horizontal mounting with a relief vent 
down is not recommended as they may reduce 
capacitor life and could impair the operation of 
the pressure relief vent. 


8. CLEANING SOLVENTS. Recommended clean- 
ing solvents are those free of halogens or halogen 
groups such as ethyl alcohol, butyl alcohol, 
methyl alcohol, propyl alcohol and deionized or 
distilled water. 

Solvents that are NOT recommended are halo- 
genated hydrocarbon solvents such as Freon TF* 
Freon TMC® carbon tetrachloride, chloroform, 
trichloroethylene, trichloroethane, and methylene 
chloride. 


9. SAFETY. The watt-second capability of these 
capacitors is high enough that precautions 
should be taken during the testing and application 
of these devices. Normally, the DC series resis- 
tance of the main and auxiliary windings are such 
that the capacitor is completely discharged prior 
to the motor coming to acomplete stop. However, 
if this is not the case, or if this is deemed 
inadequate, discharge resistors are available 
from the factory. 

9.1 Misapplication, such as exceeding design 
limits or applying continuous AC voltage, may 
result in destruction or explosion of capacitors. 


9.2 Care should be exercised in the mounting 
of these capacitors to insure minimal damage 
in the event of an explosion. 

10. GENERAL. In the event that application 
requirements exceed the parameters expressed 
herein, it is often possible to use a standard 
capacitor, providing certain ‘‘tradeoffs’”’ are 
acceptable. It is also possible that special designs 
and/or manufacturing techniques not normally 
included, could be applied to meet a special 
situation. 


10.1 When consulting the factory about a special 

application or an application problem, the fol- 

lowing minimum information should be available: 

a. Capacitor nameplate information; MFD value, 
voltage, etc. 

. Case size (diameter x length) 

c. Capacitor’s worst case duty cycle 

d. Maximum switch out voltage 

e. Maximum ambient temperature 

f. Any special or unusual application 
characteristic 


® Registered Trademark El DuPont & Company. 
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Aluminum Electrolytic Capacitors 


Performance Specifications 


1. TEMPERATURE 

These capacitors are designed to operate with- 
out derating within the temperature ranges indi- 
cated in the following table. Under non-operating 
conditions they may be subjected to temperatures 
in storage, or in transient at altitudes up to 
the indicated maximum, as shown under NON- 
OPERATING in TABLE |, without permanent 
damage. 


Where a nominal temperature is indicated for 
performing standard measurements or tests in 
this catalog, the temperature tolerance will be 
+3°C unless otherwise specified. 


TABLE | 
AMBIENT TEMPERATURE RANGE 


NON-OPERATING 


OPERATING MAX. 
TEMP (°C) | TEMP (°C) | ALTITUDE (ft.) 


—55to +85 | 200,000 
=59'10.185 80,000 
—55 to +85 80,000 
—§5 fo’ +85 200,000 
—55 to +85 80,000 
—55 to +85 80,000 
—55 to +85 80,000 


CAPACITOR 
SERIES 


—40 to +105 


—40 to +85 
—40 to +105 
—40 to +85 
—40 to +85 
—40 to +105 
—40 to +85 


Low Temperature Peformance: Io determine the 

typical capacitance and inpedance at —40°C 

and at a frequency of 120 Hz multiply the 25°C 

arses a times the appropriate multiplier 
elow. 


Rated 25°C Cap |25°C Impedance 
. DC Voltage | Multiplier Multiplier 
3120, 3191 


3186, 3188, 
3487, 3488, 
3489 


et 75 80 re 


76-250 85 


0-75 35 
76-250 70 
251-450 30 


2. DC WORKING VOLTAGE 

The DC working voltage is the maximum permis- 
sible operating voltage (DC volts + peak ripple 
voltage) for continuous operation at maximum 
rated temperature. 


3. SURGE VOLTAGE 

The surge voltage is the maximum instantaneous 
voltage to which the capacitor should be sub- 
jected (DC voltage + ripple voltage + transient 
voltage). It must not exceed the value specified 
in the Standard Rating tables. | 


SURGE TEST REQUIREMENTS: 
Capacitors shall be connected in series with a 
resistor of the value indicated: 


CAPACITANCE (WF) RESISTOR (ohms) 


0—2500 1000 
2501—25000 100 
25001—250000 10 
250001—UP 3 


The series combination is then subjected to rated 
surge voltage at the conditions specified in TABLE 
2. The capacitor is allowed to discharge through 
the resistor. Leakage current, when measured as 
described in paragraph 6 below, not sooner than 
four hours after completion of the test, shall not 
exceed the initial leakage current limit. There 
shall be no leaking of the electrolyte and no 
mechanical damage. 
TABLE 2 


DUTY CYCLE 
SEC. SEC. 
CYCLES ON OFF 


PRODUCT TEMPERATURE NO. 
°C 


TYPE 


4. CAPACITANCE 

Capacitance shall be measured on a capacitance 
bridge having a maximum RMS signal voltage of 
1 volt at 120Hz. Capacitance shall be within 
the tolerance specified in TABLE 3 when mea- 
sured at 25°C. 
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Aluminum Electrolytic Capacitors 


Performance Specifications 


TABLE 3 


DC 
CAPACITOR WORKING TOLERANCE 
SERIES VOLTAGE (%) 


3487 6.3—450 —20 +20 


3488 6.3—250 —20 +20 


3489 200—250 20420 
[nn 


101—450 


9-75 
76—400 


9-55 


9. EQUIVALENT SERIES RESISTANCE (ESR) 
The ESR shall be measured by the bridge method 
at the frequency specified in the rating tables 
and 25°C. It shall be within the limits shown 
in the rating tables. 


6. DC LEAKAGE CURRENT TEST 
Preconditioning: In the period 24 to 48 hours 
prior to test, rated working voltage shall be 
applied to the capacitor for the charge times 
shown in TABLE 4. | 


Measurement: The leakage current shall be 
measured at 25 C. Voltage shall be applied to 
the capacitor through a current-limiting resistor, 
and the measurement shall be made five minutes 
after the capacitor reaches rated voltage. Leakage 
current (I) shall not exceed the value calculated 
from the equation shown in TABLE 4. In no case, 
however, shall |, exceed the maximum value 
shown. 


TABLE 4 | 
Leakage Current Formulas 


PRE- 


CONDI- 
TIONING MAX. 
TIME EQUATION EQUATION VALUE 
SERIES (MINUTES) I-MA (MA) 


3487 30 — 
3488 30 6x10°CV 
(CV < 250,000) ar 
(CV > 250.000) 30 0031-Cv ; 


001i GY . « 


(6—100V) 
(101—300V) 


3186 30 


.003 ~ CV 
006 v CV 6 


3188 ; 

(CV < 250,000) 30 6 x 10° CV 4 

(CV > 250,000) 30 003 CV 4 
A 15 001I5VCV—sOWN/A 
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7. LIFE TEST | 
Capacitors to be tested will first be measured 
for DC leakage current, capacitance & ESR at 
25°C. The capacitors shall then be placed in a 
circulating-air oven and kept at the ambient 
temperature indicated in TABLE 5, Column A. 
Spacing between capacitors shall be at least 1", 
and capacitors must not be subjected to direct 
radiation from heating elements. Circulation of 
air shall be sufficient to keep the temperature 
within the limits shown when measured within six 
inches of the capacitors. 


~~ Rated DC voltage or rated DC voltage with ripple 


current shall be applied to the capacitors as 
indicated in Table 5, Column C, for the period of 
time shown in Column B. The capacitors shall 
then be returned to a temperature of 25°C for 
at least 24 hours. 


Upon completion of the test, the capacitors shall 
meet the following requirements: 


Capacitance, when measured per paragraph 4, 
shall not be less than the value indicated in TABLE 
5, Column D. 

Equivalent Series Resistance (ESR) when mea- 
sured per paragraph 5, shall not be greater than 
the value indicated in TABLE 5, Column E. 
Leakage Current, when measured and deter- 
mined per paragraph 6, shall not exceed the 
value indicated in TABLE 5, Column F. 


There shall be no evidence of mechanical dam- 
age or excessive electrolyte leakage. 


8. SHELF TEST 

Capacitors to be tested shall first be measured 
for DC leakage current, capacitance and ESR 
at 25°C. The capacitors shall then be placed in 
a circulating-air oven and kept at the ambient 
temperature indicated in TABLE 6, Column A. 
Spacing between capacitors shall be at least 1", 
and capacitors must not be subjected to direct 
radiation from heating elements. Circulation of 
air shall be sufficient to keep the temperature 


within the limits shown, when measured within 


six inches of the capacitor. 

The capacitors shall be kept in this environment 
for the period shown in TABLE 6, Column B, 
with no voltage applied. They shall then be 
allowed to cool in an ambient temperature of 
25°C for at least the period time indicated in 
Column C. 


Upon completion of the test, the capacitors shall 
meet the following requirements: 

Leakage Current, when measured without pre- 
conditioning per paragraph 6, shall not exceed 
the value shown in TABLE 6, Column F. 


Capacitance and ESR as indicated in TABLE 6, 
Columns D & E respectively. 


There shall be no evidence of mechanical damage 
or excessive electrolyte leakage. 


Shelf Life. The normal shelf life expectancy for 
these capacitors when stored at ambient temp- 
eratures of 40°C or below is indicated in TABLE 
6, Column G. When stored for longer periods, 
and/or at higher temperatures, their leakage 
current should be checked at room temperature 
in accordance with the original requirement, 
before placing the capacitors in service. If the 
leakage current exceeds the value calculated 
from the formulas in TABLE 4, refer to Technical 
Note on Reform Procedures. 


9. VIBRATION 

Series 3186, 3188, 3191, 3487, 3488, 3489 
Capacitors shall be clamped rigidly to a vibration 
platform and subjected to a simple harmonic 
motion having a maximum peak-to-peak ampli- 
tude of .06 inches and a maximum acceleration 
of 10g. The entire frequency of vibration shall 
be varied linearly between 10 and 55 cycles per 
second. The frequency range, 10 to 55 to 10 cps, 
shall be traversed in one minute. 

Capacitors shall be vibrated for 142 hours with 
the direction of motion being parallel to the axis 
of the capacitor. The capacitor shall then be 
placed so that the direction of motion is per- 
pendicular to the axis and the vibration continued 
for an additional 142 hours. 

During the last 2 hour of the test, the capacitor 
shall be connected to a bridge and observed for 
a 3-minute period. 


There shall be no evidence of loosening of the 
capacitor element within the container, when 
shaken by hand, following the test. There shall 
be no indication of intermittent electrical contact 
during the 3-minute observation period. Capaci- 
itors shall not be open or shorted. 
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HIGH VIBRATION 

UPON SPECIAL REQUEST a 3120 type capacitor 
is available to meet the following test. Capacitors 
shall be clamped rigidly to a vibration platform 
and subjected to a simple harmonic motion having 
amaximum peak-to-peak amplitude of .06inches 
and a maximum acceleration of 20g. The fre- 
quency of vibration shall be varied logarithmically 
between 10 and 2000 cycles per second. The 
entire frequency range, 10 to 2000 to 10 cps, 
shall be traversed in 20 minutes. This cycle may 
be repeated two times in each of three mutually 
perpendicular directions, the first being such that 
the direction of motion is parallel to the axis of 
their containers. 

At some time during the last half hour of the test 
each component on test shall be connected for 
Capacitance measurement and its capacitance 
shall be observed for a period of approximately 
three (3) minutes. 


There shall be no evidence of loosening of the 
Capacitor element within the container as evi- 
denced by shaking. There shall be no indication 
of intermittent connection during the three (3) 
minute observation period. Capacitors shall not 
be open or shorted. 


10. CONTAINER SEAL TEST 


SERIES 3186, 3188, 3120, 3191, 3487, 3488, 
3489: Following the Vibration Test of paragraph 
9, capacitors shall be subjected to two successive 
temperature cycles in circulating air. Each cycle 
will be as follows: 


A 85°C—30 minutes 
B 25°C—30 minutes 
C  —40°C—30 minutes 
D 25°C—30 minutes 

Following the second cycle, the capacitors 
shall be placed in 90—95°C water for 5 minutes. 
A failure is defined as a unit exhibiting a con- 
tinuous chain of bubbles when immersed. 
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TABLE 5 
LIFE TEST 


A B F 
Test 
Ambient Period a: Leakage 
Temp. Hours Test in. ; Current 
Series (C =3°C) (+8 Hrs.) Conditions Max. (%)** 


3186, 3487, DC Voltage 

3489 DC Voltage 
& Ripple 

DC Voltage 


qutun 


3188, 3488 DC Voltage 
DC Voltage 
& Ripple 


ZAlOIZDIAsIZ un 


oF 


DC Voltage 


DC Voltage 
DC Voltage 
& Ripple 
DC Voltage 
DC Voltage 
With 25% of 
85°C Ripple 


DC Voltage 
DC Voltage 
& Ripple 
DC Voltage 


s4oqzioede 


*Referred to initial measured value 
**Referred to initial specification limit 


TABLE 6 
SHELF TEST 


A Cc F G 
Test 
Ambient Period : Leakage Shelf Life 
Capacitor Temp. @ 25°C Current Expectancy 
Series (hrs.) (%)* (years) 


3120 900 +8 

3186, 3487, 3489 100 +4 
3188, 3488 250 +4 
3191 100 +4 


*Referred to original specification 
**Referred to initial specification 
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1. TYPICAL ESR AS A FUNCTION OF 
FREQUENCY. 

The three curves listed represent the ratio of 
ESR change from 120 Hz to 100 KHz. They are 
categorized into three voltage ranges and are 
valid for all the computer grade and snap-in type 
units. To obtain the ESR of a unit at a frequency 
above 120Hz, find the ratio of change from the 
appropriate curve. Multiply the listed 120 Hz 
ESR of the subject unit by the ratio, the result 
is the ESR at the desired frequency. 


Hi FREQ. RIPPLE MULTIPLIER 
0-75 VOLT 


MULTIPLIER 


s10poede) 213Aj04}399/7 Uinurunyy 


FREQ IN HZ 
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HI FREQ. RIPPLE MULTIPLIER 
120 H, 76-250 VOLT 


MULTIPLIER 
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2.0 RIPPLE CURRENT. 

All capacitors will withstand the RMS ripple 
current stated in the standard rating tables, 
specified at an ambient temperature of 85°C 
and a frequency of 120 Hz. Permissible ripple 
current at other temperatures, frequencies and 
with forced air can be calculated as indicated 
below. Where capacitors are operated at atemp- 
erature frequency and in forced air, all appli- 
cable multiplying factors should be used. 


2.1 TYPICAL RIPPLE CURRENT AS A FUNCTION 
OF AMBIENT TEMPERATURE. 

To determine the maximum allowable ripple cur- 
rent at ambient temperatures less than 85°C, find 
the ripple current multiplier from the appropriate 
curve (fig. 1,2 or 3). The multiplier times the 85°C 
ripple current rating yields the maximum allow- 
able ripple current at the subject temperature. 


RIPPLE MULTIPLIER 
95 DEGREE CORE 


AMB. TEMP a ay 
3186 SERIES 
3487-3489 


Fig. 1 
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RIPPLE MULTIPLIER 
100 DEGREE CORE 


MULTIPLIER 
2.6 


AMB. TEMP (DEGREES C) 
3191 SERIES 


RIPPLE MULTIPLIER 
: MULT. 105 DEGREE CORE 


ye et as OH 
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AMB. TEMP. (DEGREES C) 


3120 & 3188 & 3488 SERIES Fig. 3 
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~ 2.2 TYPICAL RIPPLE CURRENT AS A FUNCTION 

~ OF FREQUENCY. 

: To determine the maximum allowable ripple cur- 

=, rent at frequencies above 120 Hz to 100 KHz, find 

| the ripple current multiplier from the appropriate 

: curve (fig. 4, 5 or 6). The multiplier times the 120 
Hz ripple current rating yields the maximum 

m allowable ripple current at the subject frequency. 

1) 

‘T) 

~ HI FREQ. ESR MULTIPLIER 

o 0-75 VOLT 

MULTIPLIER 

°' 

g 

2 

pe 

S 

7) 


000 10000 100000 
Fig. 4 
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HI FREQ. ESR MULTIPLIER 
76-250 VOLT 


MULTIPLIER 
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2.3 TYPICAL RIPPLE CURRENT AS A FUNCTION 
OF FORCED AIR FLOW. 

Thermal efficiency can be boosted by judicious 
use of forced air cooling in some applications. 
Occasionally a power-supply designer will cal- 
culate the proper capacitance value for the filter, 
then find that the ripple current requirements 
exceed the capability of the selected capacitor. 
The need for adding more capacitance in this 
situation can often be avoided if forced air is 


A IR MULTIPLIER 


used to increase the ripple current capability 
of the capacitor. To determine the maximum allow- 
able ripple current under a forced air application, 
find the ripple current multiplier from the appro- 
priate curve (fig. 7). The multiplier times the still 
air ripple current rating yields the maximum 
allowable ripple current at the subject air flow. 
The thermal conductivity with respect to the air 
velocity is illustrated in figure 8. 


RIPPLE CURRENT 
MULTIPLIER 


AIR VELOCITY (FT/MIN) 


88 Philips Components « 6071 St. Andrews Road ¢ Columbia, SC 29212-3198 « (803) 772-2500 « FAX: (803) 772-2445 


Application Guidelines 
Computer Grade & Snap-in re 


THERMAL CONDUCTIVITY > 

(W/IN2/DEG C) = 

THERMAL CONDUCTMITY = 
S" 
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0 100 200 300 400 500 600 700 800 
AIR VELOCITY (FT/MIN) Fig. 8 
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3. TERMINAL HEAT RISE. To limit terminal heat 
rise, the 85°C ripple current should not exceed 
the following RMS values: 

Standard Terminal: 30 amps 

High-Current Terminal: 45 amps 

When ripple currents greater than 10 amperes 
RMS are applied to these capacitors, the terminal 
screws should be torqued to a minimum of 20- 
inch-pounds (maximum, 25-inch-pounds) for 
standard terminals and 50-inch pounds (maxi- 
mum, 60-inch-pounds) for high-current terminals 
to minimize IR losses at the terminals. 

4. RIPPLE VOLTAGE AND VOLTAGE REVERSAL. 
The sum of the DC voltage and peak ripple voltage 
must not exceed the rated voltage of the capacitor. 


To avoid polarity reversal on the capacitor, the 
peak AC voltage applied must not exceed the 
applied DC voltage. All Series can withstand a 
maximum voltage reversal of 1.5 volts for short 
periods of time as indicated, without any signifi- 
cant change in electrical characteristics. 

5. INSULATION AND GROUNDING. These capac- 
itors have an indeterminated resistance between 
the cathode terminal and the container. The con- 
tainer should be considered to be at the same 
potential as the cathode terminal with respect 
to ground. When a potential other than that of 
chassis ground is present on the cathode terminal, 
the container should be properly insulated. 

5.1 INSULATING SLEEVE. These capacitors may 
be supplied with PVC insulation for 85°C ambient 
operation. 

The insulation shall be tested in accordance with 
EIA specification RS-395 paragraph 2.19. 

The typical insulation breakdown voltages mea- 
sured between the cathode terminal or case and 
a1" metallic band wrapped around the insulated 
container are as follows, at a relative humidity of 
45%, ambient temperature of 25°C, and break- 
down current of 1000A: 


PVC Insulation Thickness .004" .006" .008" .012" 


6. SAFETY VENT. 


SERIES 3487, 3488, 3489 


A unique vent is designed into the top of the 
aluminum can, so constructed that the end of the 
can will rupture and release dangerous internal 
pressure which could occur in the event of a 
circuit malfunction or polarity reversal. 

SERIES 3120, 3186, 3188, 3191: 

These capacitors are designed with a safety device 
incorporated in the header. This device prevents 
case rupture or cover damage in event of excess 
pressure build-up due to improper operation. 


Vent Test: A reverse DC voltage shall be applied 
to the capacitor to cause a reverse 
current flow of 10 amperes. The capaci- 
tor should be securely mounted to a 
surface by wrap-around clamp during 
this test. The vent should operate 
before an explosion or the expulsion 
of any capacitor material occurs. A 
capacitor which does not vent within 
20 minutes is considered to have 
passed the vent test. | 


7. MOUNTING 

SERIES 3186, 3188, 3191: Vertical mounting of 
the capacitor with the terminals up is recom- 
mended: however, horizontal mounting with the 
pressure relief vent up is acceptable. Vertical 
mounting with the terminals down and horizontal 
mounting with the pressure relief vent down are 
not recommended, since this could impair the 
operation of the safety vent. 

_ SERIES 3487, 3488, 3489, 3120. These capaci- 

tors may be mounted in any plane. | 


Breakdown Voltage (VAC) 1600 2000 2400 3200 


MYLAR Insulation Thickness .0023" 
Breakdown Voltage 17250 
LEXAN Insulation Thickness .020" 
Breakdown Voltage 2100 
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8. CLEANING SOLVENT WARNING AND DIS- 
CLAIMER. Industry standards such as EIA RS-395 
and Military Specification MIL-C-39018 caution 
against the use of halogenated hydrocarbon sol- 
vents in cleaning boards containing aluminum 
electrolytic capacitors. The probability of failures 
in capacitors cleaned by halogenated hydrocar- 
bon solvents is sufficient for Philips Components 
to disclaim any warranties, specific or implied, 
to our product if our capacitors are subjected 
in any manner or extent to these solvents. 
Examples of these solvents are Freon TF® Freon 
TMC® carbon tetrachloride, chloroform, trichloro- 
ethylene, trichloroethane, methylene chloride 
and MEK. Recommended solvents are those free 
of halogens or halogen groups, such as ethyl 
alcohol, butyl alcohol, methyl alcohol, propy! 
alcohol, and water. 


lf halogenated hydrocarbon solvents must be 
used, the following alternatives exist: 


a. The electrolytic capacitors should be inserted 
into the boards after the cleaning process has 
been completed. 

b. On special order, Philips Components can 
supply snap-in designs to meet solvents 
requirements. 


SAFETY 

WITH CAPACITORS HAVING A HIGH WATT-SEC- 
OND CAPABILITY IT IS IMPORTANT THAT SUIT- 
ABLE PRECAUTIONS BE OBSERVED IN THE 
TESTING AND APPLICATION OF THESE DEVICES. 
BLEEDER RESISTORS AND OTHER DISCHARGE 
CIRCUITRY SHOULD BE USED TO PROTECT 
SERVICEMEN AND USERS. WHEN USED IN 
LARGE BANKS, THE MECHANICAL STRUCTURE 
MUST BE DESIGNED SO AS TO WITHSTAND 
THE LARGE CURRENTS THAT MAY OCCUR IN 
THE EVENT OF A CAPACITOR SHORT CIRCUIT. 
THE MECHANICAL STRUCTURE SHOULD ALSO 
BE CONSTRUCTED SO THAT IT WILL CONTAIN 
THE CAPACITORS IF A CAPACITOR EXPLOSION 
SHOULD OCCUR. 

MISAPPLICATIONS, SUCH AS EXCEEDING 
DESIGN LIMITS OR APPLYING REVERSE VOLT- 
AGE TO POLAR UNITS, MAY RESULT IN DESTRUC- 
TION OR EXPLOSION OF CAPACITORS. 
PRECAUTIONS IN CASE OF VENT OPERATION. 


OPERATION OF THE VENT STRUCTURE INVOLVES 
EXPULSION OF HOT GASES AND/OR LIQUIDS 
UNDER HIGH PRESSURE. CONTACT WITH THIS 
MATERIAL COULD CAUSE PERSONAL INJURY 
OR PROPERTY DAMAGE AND THEREFORE 
SHOULD BE AVOIDED. 


GENERAL 


In the event that application requirements exceed 

the parameters of a particular Series, it is often 

possible to use a standard capacitor, providing 

certain “trade-offs” are acceptable. It is also 

possible that special designs and manufacturing 

techniques not normally included can be applied 

to meet a special situation. These include the 

following: 

- Higher Vibration Limits 

* Higher Ripple Current 

- Lower ESR 

* Non-Polar Construction 

* Solder-Lug Terminals 

- Metric Threaded Terminals 

* Special Capacitance Tolerance 

* Special Marking and Labeling 

- Additional Case Sizes 

More specific device parameters can be obtained 

on request, these include: 

- ESR at any Frequency (to 100kHz) 

* Ripple Current Rating at any Frequency (to 
100kHz) 

- Impedance and ESR vs. Frequency Plots 

- Inductance 
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1. CAPACITOR LIFE PREDICTION GUIDELINES CALCULATION OF CORE TEMPERATURE 


The following equations and tables can be used 
to predict the life of aluminum electrolytic capaci- 
tors at derated voltages and temperatures. Fail- 
ures are defined as parameter drift beyond the 
limits outlined in the life test section of the Per- 
formance Specifications. 


Based on DC aluminum electrolytic capacitor 
tests, the inherent relationships between tem- 
perature, voltage and life were established. A 
failure rate for each product was established from 
testing at maximum rated conditions. From this 
failure rate a base lifetime was established. 


The expected life for each product type is deter- 
minted by computing the capacitor hot-spot 
temperature [equation (1) and the ratio of use 
voltage to rated voltage. From this, the base life 
multiplier can be found in the appropriate table. 
The multiplier times the base life (found in 
Table 1) yields the expected life. 


The computation of expected life assumes a 
constant or decreasing failure rate and that the 
wearout portion of the product life has not been 
reached. The expected life is the statistical time 
required to generate one failure in 25 units based 
on a 60% confidence level. . 


Multipliers resulting in expected lifetimes in excess 
of 10 years may not be valid due to secondary 


failure modes not considered in the construction 
of these tables. 
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Temp = Ambient Temp ,!* E-S.R. 
(1) Core Temp D4 VENT 


WATTS 
K = .006 Area/sq. inch 
°C Temp Rise 
AREA = Surface Area of Can = . 
7 X Dia x (Le + >) 
| = Ripple Current (Amps) 
AMB = Ambient Temperature (°C) 


ESR = Equivalent Series Resistance 
(ohms) 


*Based on free convection in still air. For values of K in forced air 
see Application guidelines sec 2.3. 


TABLE 1 
TABLE BASE LIFE 


DESIGN 


LIFE 
MULTIPLIER 
TABLE 


“Load Life=Max. rated amb. temp., voltage and ripple current. 
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TECHNICAL NOTES 
a dc ee 


2. FIELD RE-FORM PROCEDURE 3. CAPACITOR SHELF-CHARACTERISTICS 

DC aluminum electrolytic capacitors require re- The graphs on the next page can be used to pre- 
forming when the leakage current exceeds the dict the shelf life of aluminum electrolytic capaci- 
value calculated from the leakage current formu- tors stored in various ambient temperatures. The 
las in paragraph 3 below. The procedure for re- Specification Limit Line on the left of the graph 


forming in the field is as follows: indicates the length of time, at various tempera- 
1. Preheat capacitors to 85°C +5°C for 4 hours tures for which the capacitors are expected to 
+.5 hour. meet the leakage current limits calculated from 


2. Remove capacitors from oven and apply 110% the formulas shown below. The Practical Limit 
rated voltage in a room temperature ambient Line on the right of the graph defines the length 
(25°C +3°C) as per the diagram below. Remove of storage for which a user should expect accept- 


and discard any units that are shorted orappear @ble performance from the capacitor in normal 
to draw a constant or increasing amount of @PpPlications. 
Current. Capacitors that are to be used at operating tem- 
3. Remove units from the re-form set-up after the Peratures which are at least 25°C less than the 
average unit current drawn from the power Maximum operating temperature and have been 
supply is % of the leakage requirement for the iN storage for a period longer than the Practical 
unit type involved. Limit should have their leakage current checked. 
4. Condition units for 24 hours +5 hours in a “MY unit whose leakage current exceeds the 
room-temperature ambient with no voltage value calculated from the formulas shown below 


applied. Then measure leakage current as out- should be re-formed. | | 

lined in Performance Specifications paragraph Capacitors that draw a constant or increasing 
6. Repeat steps 1 through 4 for units that do amount of leakage should also be re-formed. 

not meet this limit. Discard any units that have Leakage current after pre-conditioning or re-form 
ruptured vent plugs or have evidence of leak- is measured after five minutes of voltage appli- 
ing electrolyte. cation. The voltage is applied to the capacitor 
When units are re-formed by this procedure, through a series resistor with a value such that 
they will have a shelf life of approximately one the rated voltage will appear on the capacitor 


year, provided the storage ambient does not terminals within one minute. 


exceed 40°C. TABLE 4 
- Leakage Current Formulas 


PRE- 
CONDI- 
0—500 VOLT TIONING MAX. 
1 AMP POWER SUPPLY TIME EQUATION EQUATION VALUE 
SERIES (MINUTES) I-MA (MA) 
3487 =; 
SAEs 006 v CV 
3488 6x 10° CV 
(CV < 250,000) —_ 
— . 
SERIES ca (CV > 250,000) 
50 VOLT 3120 wall) 
LIGHT BULBS_3 001 v CV 
(6—100V) __ 
ee (101—300V) 003 v CV 
RE-FORMED — 3186 30 006 v CV 
TO BE ee ee eg ace 
-6 
CAPACITOR (CV = 250,000) 30 6x 10°CV 


(CV > 250,000) 30 003 v CV. 
3191 15 00151 CV 
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TEMPERATURE (° 
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TEMPERATURE (°C) 
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a A ae ie atua ma 
ae ee eee eee ee A See eseieee 
- iene ne a Ge a I CNN an ie ae 
a es oe a GSR SUE ee cee 
. pee pel HH eee ine 
[|__| TO MEET POST SHELF TEST |, spect RTH se CEE 
a A OO Os St SSC ie 
mm a GB 1 GGG 9 a 
el a a a a a se ence 
30 No 
ree? ELLE EE LEO NEEL PS 
- ee el a EEE Se e 
ee a a Cece: ae ee ee 
I Ce Teoh CEE 
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ea 3188, 3488 
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Physical Specifications—Can-Style 


DIMENSIONS 


UNINSULATED CASE DIMENSIONS 


‘Eo Tet] s | ofy eis | 


1.375 


*Series 3191 available in 138", 134", 2” diameters only (case codes 
through EH). 


PC MOUNT OVERALL HEIGHT (INCHES) 


D = 1.375 D = 1.750 D = 2.000 


Case Length 


PC MOUNT TERMINAL SPACING (INCHES) 


| CaseDiameter | x | oy | Zz 


1.375 .090 .900 375 
1.750 900 .700 525 
2.000 1.000 .800 Rai Gs. 


CASE OUTLINE DRAWING ie 
THREAD TYPE 
T+.031 5 
mT) 
S 
: 
m 
) 
mn | 
) 
> 
‘< 
eo 
8 
The capacitors are marked with: P) 
‘nominal capacitance 9 
- rated voltage +h 
- EIA source and date code 3 
*maximum ambient temperature [|_ 9 
* polarity D:+.031 S 
- name of manufacturer Ra 
* part number S | 
* capacitance tolerance = 
0 
CASE OUTLINE DRAWING 
PRINTED CIRCUIT BOARD MOUNT 
WIRE DIAM. = .064 T= oe 
PLASTIC 
STANDOFF = \\ 
(3 places) 
& N 
e 8 
"+I 
+! 
J a 
PLASTIC 
STANDOFF 
(3. places) 
TOP VIEW OF CAPACITOR | D + 031 _ 


(CIRCUIT SIDE OF PC BOARD) 


TERMINAL — —_— AND CODE 


Terminal Thread 
Style finches) om Type 
High Post 
Low Post 
High Current + 


Solder Lug 
PC Mount** 


“Available in 2%" and 3" diameter cans only. Recommended for applications 
where ripple current exceeds 25 Amperes. 
**T Dimension .250 inches & 6.4mm for 13% and 2” dia for PC Mount. 
EA can only multiply .8 times capacitance table. 
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Aluminum Electrolytic Capacitors 
Physical Specifications Snap-in Style 


INSULATED CASE DIMENSION ADDER 
AND BRACKET CODES 


[INCHES [MM ___| BRACKET CODE 
BRACKET OUTLINE DRAWING 
BRACKET DIMENSIONS 
Case 
Diameters 
For 1-3/4(D), 21 ; For 1-3/&B) inch 
SMG) ina emen Samneher Gan uses 
can sizes 
Philips Components Series Capacitors can be completely specified using the following designation: 
XXXX BA 942 U 005 A M A-1 
Case Size Tolerance Terminal Style Factory 
Code U = —10%+75% A=High Post Assigned 
T = —10%+50% B=Low Post Number 
C=Solder Lug 
: D=High Current , 

AF Capacitance Voltage H= Insulation & 

ie a all XX = Significant Digits 005 = S5VDC PC Mount Seer Cnda 

Serias | X = Multiplier 050 = 50VDC (see physical 

i.e. 942 = 9400uF spec) 
100 
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Aluminum Electrolytic Capacitors 
Physical Specifications—Can-Style 


Philips Components Series Capacitors can be completely specified using the following designation: 
00K : 102 M 200 3D | £. 
Philips Standard Insulation — 
Components | F = .006" PVC 
Product | Working Voltage . 
Series Case Size Tolerance g g 
Code M = +20% 
(See physical spec.) 
Capacitance . Cover Construction 
XX = Significant Digits D = Two leads 10.0mm spacing. 
x = Multiplier : F = Three leads 12.7mm spacing. 
i.e. 102 = 1,000 uf (See physical spec.) 


ro INSULATED CASE DIMENSIONS 
a 


. oP Tr 
25 
25 | 


SEE LEAD 
CONFIGURATION 


PC. BOARD LAYOUT : : 
(AS SEEN FROM MOUNTING SIDE) | 16 


LEAD CONFIGURATIONS K AND J 


| +) 10 13.97 \ ie 
— 


PC. BOARD LAYOUT 
125 DIA., EQ. SP. 3-PL. ‘7 5.82) . (AS SEEN FROM MOUNTING SIDE) 


( LEAD CONFIGURATIONS R AND C 


ALL DIMENSIONS ARE MM 
ALL HOLE DIAMETERS ARE 2MM 
LEADS ARE 16 GAUGE TINNED COPPER WIRE 
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Aluminum Electrolytic Capacitors 
MODERN ELECTROLYTIC CAPACITOR TECHNOLOGY 


Cn 


GENERAL 
The ability of a capacitor to store electrical energy 
is a direct function of its mechanical geometry 
and its chemical composition. The amount of 
energy that it can store is given by the equation: 
Q=CV — | | 
where Q = the magnitude of the stored charge 
C =the capacitance in farads 
V =the applied voltage 
But the capacitance is determined by: 


+K & 
C+K 7 
where a is the directly opposing area of the 
plates, dis the distance between them (assumed 
to be uniform across the area), and K is the 
“dielectric constant” of the material separating 
them. 
Engineers and scientists have been wrestling with 
these factors for generations, in the perennial 
effort to cram more and more capacitance into 
less and less space, in conformance with the 
unending trend of equipment miniaturization. 


Obviously, increasing the area (a) of the capacitor 
plates will increase the capacitance of the device. 
This would tend to increase the size, but since 
only the area, not the thickness, of the plates is 
significant (in most applications) the plates could 
be made thinner to counteract the increase. Ways 
were developed to produce ever thinner metal 
foils, and eventually to deposit thin metallic films 
directly on both sides of a paper or plastic ribbon 
which can then be rolled up. 

Reducing the thickness of the dielectric separator 
will also increase the capacitance of the device 


by reducing the distance (d) between the plates; - 


this also reduces the size for a given capacitance, 
or allows more capacitance to be installed in a 
given space. Advancements in the production of 
high-quality, homogeneous plastic films of very 
thin gauges have enabled substantial reduction 
in capacitor size, combined with worthwhile 
increase in capacitance per unit volume. 

Use of dielectric materials having higher dielectric 


constants will also increase the capacitance of 
the device, hopefully with a decrease (or at least 
no increase) in unit size. The search for better 
materials will continue. 


102 


One of the major breakthroughs in this field 
occurred about 85 years ago: the development 
of the electrolytic capacitor, a brilliantly ingenious 
expedient for obtaining high capacitance in a 
small space. Essentially, it consisted of an alu- 
minum-foil ribbon, on the surface of which a thin 
film of aluminum oxide has been formed electro- 
chemically, and a water-based electrolyte fluid 
which acts as the opposing plate. The oxide- 
coated foil, a second strip of aluminum foil, and 
a porous strip of paper interposed between them 
were rolled up together, and suspended in the 
liquid electrolyte, which penetrated the porous 
spacer. The physical relationship is diagrammed 
in Figure 1. | 


POROUS SPACER AND 
ELECTROLYTE (CATHODE) 


Witt 


4 


FOIL CONNECTION 
TO CATHODE 


OXIDE FILM 
DIELECTRIC 


Figure 1. Polarized Electrolytic Capacitor. 


The oxide-coated foil is the positive plate (anode), 
the aluminum oxide film is the dielectric, and the 
fluid electrolyte is the negative plate (cathode). 
The second strip of aluminum foil serves only 
as a connection in broad and intimate contact 
with the negative-plate electrolyte, and is usually 
bonded to the aluminum can that houses the 
capacitor. The porous strip prevents direct short 
circuits between the two foil strips. | 
The oxide dielectric has a thickness on the order 
of 0.01 micron; thus the distance (d) between the 
“plates” has been reduced almost to the vanish- 
ing point. Furthermore, the dielectric constant (K) 
of this oxide is approximately 11. compared to 5 


Philips Components ¢ 6071 St. Andrews Road « Columbia, SC 29212-3198 « (803) 772-2500 ¢ FAX: (803) 772-2445 


Aluminum Electrolytic Capacitors 


MODERN ELECTROLYTIC CAPACITOR TECHNOLOGY 


a a ee 


for paper, or 3 for polycarbonate or Mylar® plastic 
film. As a result, the capacitance per cubic inch 
in an electrolytic capacitor is increased tremen- 
dously, compared to conventional capacitor 
designs, even in the original electrolytic versions. 


Over the years since their inception, there have 
been continuous improvements in electrolytic 
Capacitor designs, and advancements in their 
technology. One of the most significant was that 
of etching the anode plate. The etching action 
exposes the grain structure, enormously increas- 
ing the area of the surface for a given area of foil. 
Etching of a given area of aluminum foil results in 
a many fold increase in the actual surface area 
facing the electrolyte plate, in the finished capaci- 
tor. Two other notable advancements were the 
development of non-aqueous and solid electro- 
lytes, and of practical manufacturing techniques 
for the production of high-purity aluminum foil. 
Both of these factors will be examined in detail 
later, in conjunction with capacitor fabrication. 

While the energy storage capabilities of aluminum 
electrolytic capacitors are impressive, electrolytic 
construction has certain inherent limitations that 
affect the use and performance of these capaci- 
tors. Safe operating voltages are limited to about 
450 volts. The oxide dielectric has rectifier prop- 
erties, blocking current flow in one direction but 
offering low resistance in the opposite direction; 
it is therefore limited to DC applications, and a 
voltage reversal of more than a volt or two will 
cause breakdown of the film and destruction of 
the capacitor. (Non-polarized types for AC appli- 
cations are available. Their construction is essen- 
tially the same as shown in Figure 1, but both 
foils are coated with oxide dielectric, constituting 
two capacitors connected back to back). The 
power factor of electrolytics is considerably higher 
than those of other capacitor types, and the 
broad plate area makes for appreciable leakage. 


PRODUCTION TECHNOLOGY 

The design and fabrication of an electrolytic 
capacitor is an extremely complex science. The 
physical principles involved, and their interlock- 
ing—and occasionally mutually exclusive—rela- 
tionships have been the subject of continuous, 
heavy research for more than 80 years. Some of 
the developments that have evolved are discussed 
below. 
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The Anode (Positive Plate). Capacitance is directly 
proportional to the surface area of the capacitor 
plates. This factor has been uniquely exploited 
in electrolytic design by etching the surface of 
the anode foil, either chemically, by immersion in 
an acid bath such as hydrochloric acid, or e/ectro- 
chemically by immersion in a conductive, corro- 
sive bath such as a solution of sodium chloride, 
and applying an electric current to the foil and 
solution. In both cases, the etching action exposes 
the grain structure of the metal, enormously 
increasing the area of the surface for a given 
area of foil. The degree of etch is controlled by 
immersion time in chemical etching, and by the 
regulation of current flow in electrochemical 
etching. 

The presence of impurities (principally copper, 
silicon, magnesium, iron, and zinc), in the anode 
foil, can result in early failure of an electrolytic 
capacitor. Particles of other metals do not form 
an oxide barrier layer as aluminum does, hence 
constitute leakage paths. They also form galvanic 
couples with aluminum and will produce hydro- 
gen gas in the presence of an electrolyte, besides 
reducing the efficiency of the oxide-layer barrier 
and causing generation of excessive heat. For 
these reasons, high-purity aluminum is used for 
foils, and the electrochemical etching process is 
the most suitable for use on this material. Lower- 
purity aluminum is used for the cathode foil. 

In the electrochemical etching process, high etch- 
ing-current density produces a fine etch pattern, 
with very high surface gain. However, when this 
surface is anodized (as discussed later) to volt- 
ages above 100 volts, the thickness of the oxide 
layer formed will bridge over some of the fine 
depressions of the etch pattern, reducing the sur- 
face gain, and the forming reaction will cause 
mechanical erosion of the peaks of the etch, 
further reducing the effective area. 

Using the lower etching-current density produces 
a coarser surface, but the higher resistance to 
erosion and over-bridging results in a higher final 
Capacity, when anodized at higher voltages. Thus, 
there is a trade-off relationship between etch 
coarseness and forming voltage in achieving 
maximum capacity at a selected working voltage, 
in a capacitor of given size. It is possible to 
custom-tailor the etch for optimum capacity at 
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a given voltage. 

The foil is run as a continuous ribbon through 
the precleaning bath, then over a roller which 
supplies the current for etching, then down into 
the etching tank, then through a series of baths 
that remove the etch solution, neutralize residual 
salt, remove loose metal particles, and wash away 


any remaining materials carried over from the 


processing tanks. The foil is then dried and imme- 
diately rolled, and protected from the atmosphere 
to prevent formation of ‘‘non-barrier’” oxide prior 
to its entry into the anodizing, or forming, process. 
Two types of “anodized” films can be formed on 
aluminum. In contact with moist air, the surface 
layer of aluminum forms a porous oxide of regular 
structure and low resistance, known as non-bar- 
rier oxide. When immersed in certain electrolyte 
solutions and connected to a DC power source 
as an anode with the solution as a cathode, the 
surface layer of aluminum forms an impervious, 


~ amorphous film of aluminum oxide having the 


property of restricting the flow of current in one 
direction and permitting it to flow in the opposite 
direction. This barrier oxide layer has a thickness 
which is a function of the applied voltage—approxi- 
mately 14 angstroms per volt, at room tempera- 
ture. The forming voltage must be considerably 
higher than the proposed operating voltage, to 
provide adequate dielectric strength over along 
operating life despite aging effects. Leakage cur- 
rent increases rapidly as the operating voltage 
approaches the forming voltage value, particularly 
in “wet” electrolytics. | 

Needless to say, the foil, the electrolyte, and the 
tanks and apparatus must all be of the highest 
purity, and cleanliness. The presence of impuri- 
ties can result in porosity in the oxide film, and 
can cause some dissolving of the film in the 
electrolyte—an effect that can double for every 
10°C rise in the temperature of the solution. 
Impurities remaining in the elements of a finished 
capacitor will cause reactions that will result in 
high leakage, early deterioration, and outright 
failure after a short operating life. 

The Electrolyte. In an electrolytic capacitor the 
electrolyte constitutes the second electrode, or 
plate, separated from the anode, or positive plate 
by the barrier layer of oxide formed on the anode 
surface. Ideally, it must be chemically inert, and 
have good temperature stability, and the proper 
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conductivity. If the conductivity is too low, a high 
ESR (equivalent series resistance) results, with 
consequent high loss factor. If the conductivity 
is too high for the rated operating voltage, elec- 
trolytic breakdown in the form of sparking occurs 
(known as “‘scintillation’”), resulting in failure of 
the capacitor. 

“Wet” electrolytic capacitors use a liquid elec- 
trolyte; the solvent (usually from the glycol family), 
some form of conductive salts, and a controlled 
amount of water. A porous ribbon of a noncon- 
ductive material such as a highly absorbent paper 
is wound as a separator between the two foils, 
and this ribbon is saturated with the electrolyte. 
The construction of such a capacitor is shown 
on Figure 2. The rolled element is installed in a 
cylindrical metal container which may be con- 
nected to the cathode foil. A plastic sleeve is 
provided on some types, to facilitate the use of 
off ground applications. 

Limiting the amount of water in the electrolyte 
limits gassing and chemical activity, thereby 
increasing life expectancy. Low water levels in 
electrolytes also increase the shelf life. Using 
solvents less viscous than glycols, as an example 
amides, and more soluble salts, enables the elec- — 
trolyte to penetrate into the fine etch structure of 
the foil more readily, thus contacting a greater sur- 
face area. This increases the ratio of unit capaci- 
tance to contact area and further reduces E.S.R. 
Low viscosity electrolytes have additional desir- 
able characteristics, they maintain more uniform 
conductivity at higher frequencies as shown in 
Figure 3, enhancing their utility as components 
in switching regulated power supplies. The lower 
E.S.R. also enables these units to handle higher 
ripple currents than previously permitted. _ 
The resistivity of electrolytes particularly with 
high water content, varies with temperature 
especially below 25°C. This results in high loss 
of capacitance and increase in E.S.R. at temper- 
atures below —10°C. The high water content in 
electrolytes also limits their use to a maximum 
temperature of +85°C. At these high temperatures 
they have limited life expectancy and shelf life. 
Local sites in the aluminum foil are activated by 
water, allowing exposure of bare metal. This results 
in high leakage current when a stored capacitor 
is subjected to applied voltage. If this leakage 
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current can reach a sufficient magnitude from an 
unregulated source, the unit may go into thermal 
runaway, with subsequent failure. 
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Figure 2. Basic construction of a concentrically wound computer 
grade electrolytic capacitor. 


PART #3120BG931T250BM CAP 930 
ae ee ee ed |} ——_—__}—__+—_} | 4-4 


MILLIOHM IMPEDANCE 


— 
= 
Gm 
>" 
ae 
a: 


100 1000 10000 
FREQUENCY HERTZ 


WVDC 250 


At extremely low temperatures, conventional gly- 
col family electrolytics lose in excess of 35% of 
their capacitance, and increase their E.S.R. many- 
fold, in relation to their room temperature values. 
These effects are caused by the increase in 
resistivity of the electrolyte, due to increased 
viscosity or sometimes by crystalization, as well 
as its shrinkage from the etch pattern of the foil. 
This results in poor contact between the electro- 
lyte and the foils. This type of capacitor becomes 
a practically pure resistive device at —60°C due 
to these effects. 

While it is a fact that amide based electrolytes 
produce capacitors with superior low temperature 
characteristics, such as an 80% capacitance 
retention at —55°C, they have several undesirable 
characteristics. The vapor pressures of amide 
base electrolytes are much higher than for glycols, 
thereby requiring superior sealing characteristics, 
and special materials in their containers. The high 
vapor pressures effect the long term life at high 
temperature operation. The toxicity of the amides 
is also considerably greater than glycols and 
they may also have adverse ecological effects. 


Philips Components has developed non-aque- 
ous, glycol family, electrolytes that possess 
excellent E.S.R. characteristics and superior, 
long term, high temperature operation. This is 
illustrated in Figure 4. This shows the superior 
E.S.R. stability of the glycol electrolyte vs the 
amide based on at 105°C operation. 


Figure 3. Impedance vs. Frequency Characteristic of Standard 


Computer-Grade Electrolytic Capacitors. 
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Figure 4. E.S.R. Stability comparison at high temperature of amide 
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The following figures illustrate typical low temper- 
ature operating characteristics with the newly 
developed and utilized electrolytes. 


vil 


| 


IN 


Bl 
, | f 


Ne 


PART #3188GF222T400AMA2 CAP 2200 WVDC 400 


TEMPERATURE IN DEGREES C 


PART #3120BA352U040 CAP 3500 WVDC 40 


RATIO TO ROOM 


i 
/ 
; 


il 


Wh 
til 


i 


Vane | 


AN I 


ail 
a a 
sill 


TS a ey 


| 


| 
i 


will 
uy 
Mt 


my 
| } 


| 


246-280 -20610 0 25 40 50 
TEMPERATURE IN DEGREES C 


> 
Ut 


TEMPERATURE IN DEGREES C 


106 Philips Components ¢ 6071 St. Andrews Road ¢ Columbia, SC 29212-3198 « (803) 772-2500 ¢ FAX: (803) 772-2445 


Aluminum Electrolytic Capacitors 


MODERN ELECTROLYTIC CAPACITOR TECHNOLOGY 
aE eS pee er 


The Spacer. The characteristics of the spacer 
that separates the foil ribbons influence the ESR 
of the capacitor. Each type of spacer has a resis- 
tance factor dependent upon its density, type of 
fiber, and fiber shape. In. the design of low-ESR 
Capacitors, it is essential to use spacers with 
low resistance factors. At present, the lowest 
resistance-factor spacers are of the lowest-den- 
sity types, and since this low density is associ- 
ated with minimum mechanical strength, special 
equipment is required to utilize them effectively. 
Proper design sometimes involves use of more 
than one spacer for optimum electrical charac- 
teristics and ease of manufacture. Figure 9 pre- 
sents microphotographs of various spacers, 
showing their fiber structure. 

The Cathode. The cathode foil in an electrolytic 
Capacitor serves as a means of making extended 
contact with the electrolyte throughout the length 
and breadth of the separator strip. However, it 
also effectively forms another capacitor with the 
electrolyte, in series with the anode capacitor. 


The total effective capacitance is: ie a 
4 ‘ 4 1A-69 PAPER 0.001 SE 400X 75426 


Ctotal Canode Ccathode 
Theoretically, the cathode foil has no insulation 
or oxide coating; its capacitance therefore should 
be infinitely large, and the total capacitance 
would be governed by the anode alone. Actually, 

-a thin oxide film of some sort forms on the metal 
through exposure to the atmosphere and to the 
electrolyte, reducing this capacitance, though in 
all but low-voltage electrolytics it is considerably 
higher than the anode capacitance because of 
the relative thinness of the cathode film. 


Non-polar electrolytic capacitors are essentially 
two capacitors connected back to back. Both 
foils are anodized to form oxide barrier layers, 
and they share the electrolyte in common. The 
system is inefficient, having a high power factor 
due to the large ESR, but is an effective and 
economical device in such AC applications as 
motor-starting capacitors where the intermittent 
use allows time for dissipation of generated heat 
between operations. The capacitor manufacturer 
is well equipped to advise a customer on his 
specification, and his application, to maximize 


1A-69 PAPER 0.002 MLF DEXTER 400X 


1A-69 PAPER 0.001 BEN 400X 7432 


performance and life at minimum cost, and to 1A-69 PAPER 0.001 KAK 400X 75428 
adjust his processes to produce the idealized | 
capacitor. Figure 9. Fiber Structures of Spacers. 
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ELECTRO-MECHANICAL CONSIDERATIONS 
Several mechanical innovations have been incor- 
porated into electrolytic capacitor design, aimed 
at improving the electrical performance as well 
as the efficiency of these components. A very 
significant one is the multi-tabbing of the foil 
windings. Since the foil cross-section is extremely 
small, the foil resistance can be appreciable, 
especially in the larger-diameter units. An effec- 
tive method for minimizing this resistance is to 
install several connection tabs at equal distances 
along the length of the foils. This has the effect 
of connecting the resistance of the segments in 
parallel, thereby reducing the total resistance of 
the foil ribbon, and lowering the ESR. 


cms: 
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Figure 10. Multi-Tabbed Doughnut-Wound Capacitor. 


The coiled helices of foil, being effectively in series 
with the conductive paths in the capacitor, also 
contribute some inductance to the ESL (equiva- 
lent series inductance) of the unit. But multi- 
tabbing reduces this effect significantly, not only 
by connecting the inductances of the segments 
in parallel, but also by the bifilar action of the 
centered tabs. For most effectively minimizing 
ESR and ESL, the tabs must be placed in the 
exact mathematical center of each segment; this 
placement is now accomplished by computerized 
techniques, which locate the tabs for optimum 
electrical performance, and for mechanical ease 
of assembly. Figure 10 shows this multi-tabbed 
construction, and Figure 11 shows typical char- 
acteristics achieved with this design. Capacitors 
of this construction can attain ESR values of less 
than 2 millionms in the 120HZ-40kHz frequency 
range. 
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Another benefit of the multi-tabbing technique is 
greater realization of capacitance in high-capaci- 
tance, low-voltage units. Since the unit capaci- 
tance with its associated individual foil resistance 
is a strip-line network, reduction of this resistance 
increases the effective capacitance at the termi- 
nals of the device. 
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Figure 11. Impedance and ESR vs. Frequency, Philips Components 
High-Frequency Capacitor. 


Another recent improvement is the elimination of 
potting compound. This is available on special 
order when a higher than standard vibration is 
a requirement. In previous designs, a bituminous 
compound was used to anchor the capacitor 
element in its metal case to prevent damage or 
failure due to mechanical vibration; this com- 
pound, being a poor thermal conductor, consti- 
tuted a barrier to efficient heat dissipation from 
the element. Philips Components developed a method 
(patent pending) of crimping the sides of the 
case to achieve direct contact with the capacitor 
element as shown in Figure 12. This achieves a 
positive anchoring of the element, preventing its 
movement in any direction when subjected to 
vibration. 

Direct and firm contact between case and ele- 
ment provides excellent thermal conductivity from 
the element to the ambient atmosphere and 
chassis or frame. support, resulting in cooler 
operation of the capacitor. In addition, absence _ 
of potting material results in uniform gas expan- 
sion space in each unit, increasing the operating. 
. life of the capacitor. Units with this construction 
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are the most suitable for mounting in any plane 
during operation. . 


Figure 12. Crimped Case. 


Further enhancement of the thermal efficiency of 
the unit is achieved by winding the capacitor 
element with a large core opening (see Figure 10). 
The development of foils with higher capacitance 
per unit area decreases the foil length required 
for a given capacitance rating. By keeping the 
outer diameter constant, for efficient roll contact 
with the case, and increasing the internal core 
size, a higher thermal efficiency is realized. 


DEFINITION OF CAPACITOR PARAMETERS 

Electrically, an ideal capacitor exhibits only 
capacitance between its terminals—no resistance, 
no inductance—and when a varying voltage is 
applied, the current flowing in it will lead the volt- 
age applied across it by 90° In practical capaci- 
tors the situation is as shown in Figure 15, the 
lumped-parameter circuit for a capacitor. Because 
of its physical construction and composition, the 
capacitor unavoidably includes both inductance 
and resistance in series with the capacitance, and 
minute leakage paths through the dielectric add 
some resistance in parallel with the capacitance. 


ESL, the “equivalent series inductance,” is deter- 
mined by the mechanical construction of the fin- 
ished capacitor. ESR, the ‘‘equivalent series 
resistance.” in an electrolytic capacitor is deter- 
mined by the electrolyte, the spacer, the dielectric 
(barrier oxide), and the foil resistance. R_, the DC 
resistance due to leakage current, is determined 
by the qualities of the dielectric. The actual values 
of these lumped parameters vary quite widely 
among electrolytic capacitors because of differ- 
ences in size, and in forming techniques, as well 
as in construction and composition. In any given 
capacitor, they also vary with ambient conditions, 
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and with applied voltage, waveform, and fre- 
quency. What is more, they often vary in a non- 
linear manner. For these reasons, capacitor 
parameters must often be qualified by stating 
range limitations and conditions of operation. 
This has some significant influences on the equip- 
ment designer’s choice of a capacitor, and its 
performance in a particular application, as indi- 
cated in the following discussions. 


CAPACITANCE. The capacitance of an electro- 


_ lytic capacitor is normally stated in microfarads, 


though the time is approaching when single units 


will offer one or more farads of capacitance in 


a container of practical size. The forming process 
used to establish operating voltage ratings is a 
precise science, but it is not yet exact. Therefore 


Figure 15. Equivalent Circuit of a Practical Capacitor. 
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the actual capacitances achieved in capacitors DC WORKING VOLTAGE. This is the maximum 


of a particular production run will vary somewhat 
from unit to unit, and these units are cataloged 
within a liberal capacitance tolerance. Most 
applications for electrolytic capacitors are uncrit- 
ical of exact capacitance values, and require 
only that the capacitance exceed a nominal 
minimum value. — 


CAPACITANCE TOLERANCE (ACCURACY). This 
tolerance is stated as the maximum positive and 


negative deviations of the capacitance from a 


rated nominal value, at a standard test tempera- 
ture (usually 25° +3°C), measured at a standard 


frequency (usually 120 Hz), at a negligibly low 


test voltage (usually 1 volt). It is usually expressed 
as a percentage of nominal capacitance. Com- 
mon tolerances are —10% +50%, —10% +75%, 
and +20%. Closer tolerances are available on 
eee order, for critical applications. 


Notes: Measurements at other than the stand- 
ard test temperature must allow for the tem- 
perature characteristic (see blow) of the 
capacitor. ‘“Negligibly low test voltage” means 
that the test voltage applied is not high enough 
to cause significant temperature rise due to 
losses and/or leakage. Usually at the standard 
test frequency, the test voltage is not critical. 


TEMPERATURE CHARACTERISTIC (OF CAPACI- 
TANCE). The variation of capacitance with tem- 
perature, in electrolytic capacitors, is non-linear, 
particularly in the region below room temperature. 
To list an over-all average numerical temperature 
coefficient would be misleading, since the coeffi- 
cient is quite small at conventional operating 
temperatures, and substantially larger at low tem- 
peratures. Electrolytics are not ordinarily utilized 
in thermal-compensation or stabilization schemes, 
but their performance over a specific tempera- 
ture range is usually of interest to the circuit 
designer, and their temperature characteristics 
are customarily provided in graphic form (see 
Figures 5 and 8 for typical examples of glycol vs. 
amide electrolytics). 
The temperature characteristic of capacitance for 
a given type or model electrolytic capacitor will 
vary with the nominal capacitance and voltage 
ratings. 

Note: The temperature reference in this char- 

acteristic is that of the capacitor, not the ambient 

temperature. 
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voltage at which a capacitor may be operated 
continuously, over its rated operating temperature 
range. Voltages in electronic and electrical cir- - 
cuits are often DC with an additional AC compo- 
nent consisting of ripple or noise signals, fluc- 
tuations due to power-line variations, etc. The 
specified DC working voltage rating includes the 
total (DC plus peak AC) voltage that may be 
applied in continuous operation. The AC compo- 
nent must not be allowed to exceed the DC com- 
ponent, to avoid polarity reversal and possible 
destruction of the capacitor. 


SURGE VOLTAGE. Electrolytic capacitors can 
usually withstand an occasional brief pulse or 
surge of voltage beyond their rated DC working 
voltage without being damaged. A surge rating is 
established for each type or model, which includes 
ripple, noise, power-line fluctuations and al/ 
transient occurrences. This rating is on a non- 
recurrent basis, and should never be exceeded, 
even momentarily. 


EQUIVALENT SERIES RESISTANCE (ESR). The 
ESR of a capacitor is a standard characteristic, 
expressed in ohms, representing all energy losses 
in the “equivalent” series resistance of a capaci- 
tor, regardless of source: lead resistance, termi- 
nation losses, dissipation in the dielectric material, 
foil resistance. It assumes that all losses can be 
represented by a single resistance in series with 


’ the idealized perfect capacitor. The power losses 


caused by it result in internal heating of the 
device, which in turn affects the useful expected 
life, the impedance (a major factor in applications), 
and the permissible ripple current. 


ESR is strongly dependent upon the operating 
temperature of the capacitor, and varies inversely 
with it as can be seen in Figures 7 and 8. This 
variance is primarily the result of the contribution 
of the electrolyte—spacer combination to the total 
ESR of the capacitor. 

An added source of ESR is found in the resistance 
of the aluminum foil itself, due to both the series 
resistance of the foil and the resistance of the 
oxide on the anode foil. The higher voltage ratings 
will have higher ESR values due to thicker anodic 
oxide films. 

Since in large capacitors the length of the foil 
ribbon is considerable, and the actual cross- 
section of the foil is relatively thin due to the 
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etching of the surfaces, significant resistance 
exists. This resistance is further affected by the 
individual etch patterns used, but may be con- 
trolled to some extent by adjusting the foil area- 
to-capacitance ratios; that is, the higher the ratio 
of foil area to unit capacitance, the lower the 
ESR produced. 


EFFECTIVE SERIES INDUCTANCE. The effective 
series inductance of a capacitor, which is a func- 


tion of its mechanical construction, dominates © 


the impedance of the device above the self reson- 
ant frequency. This can become a limiting factor 
in higher frequency applications such as switch 
mode power supplies. The self resonance of the 
capacitor is that frequency at which the inductive 
reactance and the capacitive reactance are equal 
in magnitude and opposite in phase. At this fre-. 
+ gl the impedance of the device is equal to 
© 


RIPPLE CURRENT. When a periodic (AC) voltage 
wave is superimposed on the DC voltage applied 
to an electrolytic capacitor—i.e., when the filter 
capacitor ina DC power supply is being charged 
by the rectifier and discharged by the external 
load—current flows into and out of the capacitor. 
This “ripple current” flows through the ESR of 
the capacitor, generating heat which increases 
the internal temperature of the unit. 

Being an electrochemical device, the capacitor 
is subject to deterioration, including a shortened 
life, by temperature increases. The higher temper- 
atures Cause an increase in leakage current, and 
loss of electrolyte through the seals; the current 
flow initiates electrolysis of the electrolyte, gener- 
ating gas, and decreasnig the quantity of electro- 
lyte, which in turn causes a decrease in capaci- 
tance and an increase in ESR. The failure mode 
typically is a loss of capacitance to the point 
that the power supply ripple voltage will be beyond 
the specified limit. 

Manufacturers of electrolytic capacitors usually 
offer several grades of capacitors, rated by their 
length of accelerated life under test. Generally, 
the essential differences between these grades 
are the level of leakage current allowed, the type 
of electrolyte used, and the quality of the sealing 
method used. Figures 16 and 17 illustrate the 


difference in operating life between two Philips 


Components types: the Series 3186 and Series 
3120. 
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Figure 16. Series 3186—Life vs. % Rated Ripple Current and 
Ambient Temperature (at 100% Rated Voltage) 
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Figure 17. Series 3120—Life vs. % Rated Ripple Current and 
Ambient Temperature (at 100% Rated Voltage) 


At a 45°C ambient temperature, and 50% of the 
rated ripple current at that temperature, the 3186 
has an expected life of 14,000 power-on hours 
with 100% rated voltage applied. Under the same 
rated conditions, the 3120 will have a power-on 
life of 22,000 hours. The lifetime of both Series 
will be extended further if the applied voltage is 
reduced from the 100% value. 
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Ripple current through the capacitor can be mea- 10% of the impedance of the capacitor. The third 
sured in several ways, some more accurate than method is perhaps the easiest, but is the least 
others. Figure 18 illustrates three of these methods. accurate if the actual impedance of the capacitor 
The first method shown is the most accurate. The is.not known. The ripple current can be approxi- 
current is read directly from a True RMS current mated by dividing the RMS voltage by the cal- 
probe. The second method, reading the RMS culated impedance: 

voltage across a very-low-resistance shunt and: 

using Ohm’s Law to derive the current works very Zo = ESR? + (X_— Xo)? 

well, if the resistance of the shunt is less than 1 


Xo = 2a7fC 


X= 2 a fL 
f = frequency, C = Farads, L = Henries 


where the ESR, capacitance, and inductance 
are the values specified in the manufacturer’s 
literature. 


QUALITY, DISSIPATION, AND POWER FACTORS. 
.. These three factors are discussed together 
because they are interrelated, and are some- 
times misinterpreted when described individually. 
Quality Factor (or Q) is simply the ratio of the 
capacitor’s reactance to its resistance (Xc/R) at 
a specified frequency. It should be as high as 
possible, since a lower ratio indicates higher 
~ power loss. Dissipation Factor (DF) is the recipro- 
cal of Quality Factor: DF = 1/Q = R/Xc. It should 
be as low as possible, since high DF represents 
a high power loss. Power Factor (PF) is the ratio 
of resistance to impedance (R/Z) and represents 
the fraction of input voltamperes (or power) dis- 
sipated in the capacitor. Quality Factor and Dissi- 
pation Factor are terms associated with DC 
Capacitors. Power Factor is primarily associated 
with AC motor start capacitors. 


INSULATION RESISTANCE AND DC LEAKAGE 
l= CURRENT. Ir is a measure of the capacitor’s 
ability to retain a charge with respect to time. It 
is the ratio of the DC test voltage impressed 
across to the current that flows through it (at a 
specified voltage and temperature). This current 


1. CURRENT PROBE. 2. VERY LOW RESISTANCE SHUNT. 


RL Moun ce entof -—-—=Sté«S: Measured 5 minutes after the capacitor has 
E, Ripple Current. been charged to the test voltage. The capacitor 
then appears as a high resistance in parallel 

with an ideal (non-leaky) capacitor. Insulation — 
3.RMS VOLTAGE. | =E° resistance is sometimes expressed in megohms 
Zo for small capacitors and as a time constant (the 


product of R and C in megohm-microfarads) for 
higher-value capacitors. It should not be con- 
fused with the equivalent series resistance. 
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About This Section... | 

In these notes, we discuss and analyze the major 
design problems most frequently encountered 
in capacitor applications. The presentation 
assumes that the reader has: (1) read the imme- 
diately preceding sections entitled Modern 
Electrolytic Capacitor Technology and Technical 
Notes (pages _); (2) acquired adequate 
experience in conventional circuit design; and 
(3) gained reasonable facility with the mathe- 
matics of linear-circuit computations. Where 
appropriate, an accesible bibliographic reference 
is given. : | | 
We have attempted to make this. presentation 
mathematically rigorous and physically realistic. 
When a simplifying assumption has been made, 
ithas been noted...and, if necessary, explained. 


One final word: these are the design-engineering 
topics that we feel you are most likely to encounter: 
but there are many others that arise less frequently, 
_ yet are challenging, and can be critical to circuit 
performance and reliability. You are invited to 
consult us about any such engineering problem 
in the application or selection of aluminum elec- 
torlytic capacitors. Write or call: 

Applications Engineering Department 

Philips Components 

6071 St. Andrews Rd. 

Columbia, South Carolina 29212-3198 


lac + lac ——— 


Figure 7. 

Equivalent circuit 

of an electrolytic 

capacitor and 

for non-sinusoidal 

(but periodic) 

AC ripple voltage 

with significant 

DC component. 
| 


Y) E, sin (nw,t saat 


— = 


E; sin (w,t) 


Eo sin (2w,t + Zo) 


Ripple Voltage and Current; Total Dissipation. 

Figure 1 shows the “general cases” for both the 
applied voltage and the parameters of the equiv- 
alent circuit of the capacitor. Note the following: 


*See any text dealing with spectral analysis. Publications like the 


ITT handbook (any edition) are also useful aids. 
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1. The applied voltage comprises the series com- 


bination of a dc voltage and a periodic ac 


waveform of unvarying shape and amplitude. 
By Fourier analysis," it can be shown that any 
continuous, periodic waveform can be 
expressed as the sum of a set of sinewave 
signals of various relative amplitudes and 
phases. The lowest-frequency signal has a 
frequency f1 = 7/7, where 7 is the period of 
the original waveform. The other sinewave sig- 

‘nals in the set occur at integral multiples of that 
lowest frequency (i.e., at 2/7, 3/7, 4/7...n/z), 
-and are called the ‘second, third, fourth,... 
and nth harmonic components of the original 
waveform. 


2. The amplitudes and phases of all harmonic 
components present can be computed from 
the Fourier integral and the geometry of the 
Original ac ripple-voltage waveform. Although 


some waveforms have an infinite number of 


harmonic components, the amplitudes of the 
higher-order harmonics are negligibly small. 
In waveforms exhibiting “mirror symmetry” 
(between the geometries above and below 
Eqc), only the odd harmonics exist—i.e., the 
fundamental and the third, fifth, seventh, etc. 
The phase relationships are often restricted to 
0° and 180° (plus or minus sinewave polari- 
ties). Figure 2 shows a number common peri- 
odic ac ripple waveforms and their Fourier 
expansions. 


3. In precise ripple-current computations, the rms 
values of the individual harmonic current com- 
ponents may be individually determined, then 
summed by a formula that involves taking the 
square root of the sum of the squares of all 
significant harmonic current amplitudes, as 
shown in example #2, below. 

4. There is one simpler case than that just 
described. It is illustrated in example #1, in 
which the ripple voltage is assumed to be a 
pure sine wave, at 120Hz; hence, there are no 

- harmonic components. The ac impedance of 
the capacitor at 120Hz is known, from catalog 


data supplied, and need not be computed. /n - 


this one special case, the rms ripple current 
is computed simply by dividing the rms value 
of the applied ripple voltage by the (120-Hz) 
impedance of the capacitor: The dissipation 
due to ripple current is, then, (I ac rms)? X 


_ ESR. To this must be added the dissipation | 
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Aluminum Electrolytic Capacitors 
DESIGN ENGINEERING NOTES 


FOR ALL WAVEFORMS: 


=+ anf=w 2nft =at The relative values of the coefficients of cos nx are plotted below as 
a function of nk for the case k <<1, i.e., for short pulse. Under these 
‘ | conditions the coefficients of cos nx are proportional to sin nkz)/nkz. 


t = period 
wt —e 


Square wave 


e(t) = +e cos(wt — + cos (Swt) + cos (5wt) — +cos (7wt) + . +) 


0 
0 0.5 1.0 1.5 2.0 2.5 a ny 4.0 


Relative amplitude of harmonics for k << 1. nN 
a wave 


| T 
e(t) = — E fcos(wt + af g cos (3ut) +4 z COS (Sut) +. -) ; | oh | 


: oo _ - 2 ae 
Half-wave Piel output 
| . ¥ e(t) = 1 ( 1 = Cos (wt) += é 3 COS aa i cos (4wt) +35 2 5 COS (6wt) 


e(t) =e (sin (ot - F sin (2ut) + sin (Swt) — {sin (4a) +. -) 


) 
| ol | ine 
ia ani F 2 a. 
een tt ee 8 eee ag ight 
_ I | Full-wave rectifier output 


Short square pulse e(wt) = =E( rc cos (Qwt) — - 75 08 (4wt) rm 35 cos (6wt) 
e(t) =E [ +2 (sin kn cos (wt + Ssin 2kn cos (2wt) 3 


Sawtooth wave 
oe 1)2 2" == 008 (n wt).. 


+38In Skncos (3wt)... + + sin nkn cos (nwt).. ‘)] 


..(-1)27' 2 cos(n aa 


ne 


Figure 2. . 
Harmonic Composition of Some Common Periodic Waves. 
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DESIGN ENGINEERING NOTES | 


ie 


due to leakage, which is Edc X Idc, where Idc 
is the rated maximum leakage current at the 
operating temperature. 

.In the generalized equivalent circuit of the 
Capacitor shown in the right-hand side of figure 
1, the leakage resistor is shown as EPR, the 
Equivalent Parallel Resistance. It is safely 
assumed to be constant and independent of 
both applied voltage and frequency, provided 
only that the applied Edc is at least 30% of 
the rated working voltage of the capacitor. It 
is temperature-dependent to some extent. The 
methods of measuring Idc and ESR are such 
as to separate them effectively. ERS is, however, 
sensitive to frequency, operating temperature, 
and (to a much lesser extent) to the applied 
dc and ac voltages. 

Returning to Figure 1, it should be clear that the 

left-hand side of the diagram represents any 

applied ripple voltage, having any dc component, 
and any amplitude and wavefore of variation, 
provided only that the variations are truly periodic. 

Thus, figures 1 and 2 provide the basis for a 

generalized technique for computing ripple cur- 

rent from applied voltage (of any waveform or 
period) and from the parameters of the capacitor. 

The capacitor parameters are shown on right- 

hand side of figure 1. Remember that the methods 

used for measuring ESR and EPR keep them 
separate and independent. Therefore, EPR is 
assumed to dissipate power only due to the dc 
leakage current (Idc); and ESR is assumed to 
dissipate power only due to the rms ac ripple 

Currents (appropriately summed as lac), caused 

by the individual Fourier ac voltage components. 


Example No. 1. This example considers the 
simplest practical case of the application of the 
foregoing theory. In it, the applied voltage is the 
sum of a dc voltage and a single sine wave. Such 
aripple waveform is applied across the capacitor 
when a full-wave rectifier drives the capacitor 
through a multi-section low-pass, “choke-input.’ 
LC filter having a fairly sharp cutoff just above 
the fundamental ripple frequency. (Even a single 
large inductance between the full-wave rectifier 
and the capacitor closely approaches the 


O1 


Philips Components ° 6071 St. Andrews Road * Columbia, SC 29212-3198 « (803) 772-2500 * FAX: (803) 772-2445 


example.) Given the applied voltage values and 
the capacitor parameters listed below, what dis- 
sipation occurs in the capacitor? 


Edc =200V C=400pF 
Eac =6 sin(wt) X, at 120HZ=0.0080 
w =27(120)=744 ESRat 120HZ=0.10 


EPR at 250Vdc=1050 
The dc leakage current is simply the ratio of Edc 
to EPR, or 
Idec = 200/10& = 200uA = 0.2mA 
and this dissipates a power equal to the product 
of EDC and ldc, or 
Pdc = 200 X 0.2 X 10° = 40mW = 0.04W 

The ac computation is slightly more difficult, but 
equally straightforward, since only a single fre- 
quency is involved. 


Zac =ESR+jwESL -—j ai (a vector sum) 
wC 


In this example, both ESR and jJwESL are negli- 

gibly small compared with 1/j@C at 120 Hz, so 

we may write: 
| Zac = 1/jwC 

(Note that the normal data given for this capacitor 

includes its 120Hz impedence, which may be 


used in place of the 1/j~2C computed for Zac) — 


and we may ignore the j, since all it tells us is 
that the current lac leads the applied ac voltage 
by 90°. Therefore, 
Zac = 1/wC = 1/(400 X 10° X 754) 
or Zac = 3.320 
and we may the compute lac 
lac = 6 sin (754t)/3.32 = 1.81 sin (754t). 
In other words, lac is a sine wave of current 
having a peak value of 1.81 amperes. For a sine 
wave, the rms value is 0.707 times the peak value, 
SO | | | 
lac — 0.707 X 1.81A = 1.28A rms 
and the power dissipated in ESR is 
Pac = (lac rms)2 ESR = 0.16W 
and the total power dissipated in the capacitor is 
Pt = Pac + Pdc = 0.16W + 0.04W = 0.2W 
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Aluminum Electrolytic Capacitors 


DESIGN ENGINEERING NOTES 


‘ Example No. 2. In this second example, we con- 


sider a 400uF capacitor with the same ESR and 


-ESL, to which we apply a sawtooth ripple-voltage 


waveform, superimposed on a large Edc, as 
before. As we shall see later, this type of ripple 
waveform can occur when the rectangular-wave 
output of a switching regulator at, say, 95% duty 
cycle is fed to the capacitor through an inductor. 
Referring to figure 2, we find that the Fourier 
components of a sawtooth wave occur at both 


-even and odd harmonics, diminishing in ampli- 


tude inversely as the order of the harmonic. If 


we assume a 3.14V peak-to-peak ripple ampli- 


tude superimposed on the 200V Edc, and 1/7 = 
400Hz, what dissipation occurs in the capacitor? 


Edc=200V C =400uF 
Eac=3.14V p-p 
sawtooth ESL=10.6uH 


X,=0.0080 at 120Hz 
t =1/400 seconds ESR=0.10, assumed 
constant over the 
spectrum from 400Hz 
to 2,400Hz* 


_ The dc leakage current at 25°C and rated voltage 


Is given by: | 
Idc = 200/106 = 0.2mA, 


which causes a dissipation in EPR of: 


Pdc = 200 x 0.2mA = 0.04W. 
*See typical DF-vs-frequency curve, figure 3. DF = (ESR X wC). 


DISSIPATION FACTOR 


FREQUENCY Hz 


Figure 3. DF vs. Frequency for Electrolytic Capacitors. 
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The ac computation is best handled by a chart 
format, as shown below. 


f w(2rf) E peak 


400Hz 2,500 2V_ ewe (3.14) sin (wt) - sin (Qut) 
800Hz 5,000 1V_ , 
1,200Hz 7,500 0.67V_ +2(sin3ut)- sin (dat) +... 
1 ,600HZz 1 0,000 0.50V (The first six harmonics of sawtooth 
2,000Hz 12,500 0.40V_ wave, from figure 2 
2,400Hz 15,000 0.33V 
Ww 1/wl wl ESR = 1/wC—wl 
2,500 100 0.02640 0.10 0.9740 
5,000 0.50 0.05280 0.10 0.4470 
7,500 0.330 0.07920 0.10 0.2510 
10,000 0.250 0.10560 0.10 0.1440, 
12,500 0.200 0.13820 £0.10 0.0680 
15,000 0.100 0.2640 0.10 0.1640 
7) Zac Epeak Ipeak Irms 
2,000 1.040 2.0V 1.9A 1.4A 
5,000 0.550 1.0V> 1.8A 1.3A 
7,500 0.270 0.67V 2.5A 1.8A 
10,000 0.170 0.5V 2.9A 2.1A 
12,500 0.120 0.4V 3.3A 2.3A 
15,000 0.190 0.33V 1.7A 1.2A 
Ww Irms l@rms Pac (=ESRX|2rms) 
2,000 1.4A 2.0A2 0.2W 
5,000 1.3A 1.7A? 0.17W 
7,500 1.8A 3.3A2 0.33W 
10,000 2.1A 4.4A2 0.44W 
12,500 23A 5.3A2 0.53W 
15,000 1.2A 1.4A2 0.14W 


Pac = 1.81W (Fundamental through 6th harmonic) 


The total power dissipated is given by: 
Pt = Pdc + Pac = 0.04 + 1.81 = 1.85W 
A number of useful facts may be deduced by 


analyzing and comparing the results of examples 
1 and 2. 
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Aluminum Electrolytic Capacitors 


DESIGN ENGINEERING NOTES 


- Atlow-frequencies—i.e., well below resonance— 
only the capacitance and ESR are significant. 
Even the ripple-voltage waveform is not very 
important, if most or all of the high-amplitude 
harmonics fall below resonance. In both exam- 
ples we have used a capacitor that is resonant 


at about 2.5kHz: 
fres=——1__ 


27’ LC 
that i is, the frequency at which 
_ 1 
ea 2trFC 
“L’ in the above formula is the ESL of the capaci- 
tor. For L = 10.6uH and C = 400,F f res = 2,445Hz. 
* So great is the diffeence between signals fall- 
ing well below resonance and those approach- 


ing resonance, that the 6V p-p ripple voltage 


of example'1 causes only about one-tenth the 
dissipation of the smaller signal (3.14V p-p) 
used in example 2...because the smaller signal 
has harmonic components near the capacitor’s 
resonant frequency; in fact, the fifth harmonic 
falls just below resonance, and the sixth is just 
above it. 

- In both examples, note that we have used as a 
starting point the ripple vo/tage across the 
capacitor, not the ripple current flowing through 
it. If we had known the rms ripple current, then 
it would only have been necessary to square 
that current, and multiply the result by ESR: 

Pac = (Irms)2 ESR watts. 


- If a number of rms ripple current (e.g., at dif- 


Capacitor Calculations for Switching Regulator 
Output Circuits 

For the specialist designer in motor controls and 
power supplies, this introductory treatment will, 
no doubt, convey very little new information. The 
technical literature of the past few years has 
piled up a mass of detailed analytical approaches, 
some of them involving complex mathematics. 


For the engineer who wishes to make a good 
start on the design of the basic regulator (figure 
4), and of many popular variations of this basic 
type, the following is well worth reading. 


Figure 4. Equivalent circuit 
representative of many 
“constant-frequency,” or 
duty-cycle-modulated switching 
regulators. 


T: 
tont*torr 
ON | | | 


OFF 


S 


The circuit operates at a fixed frequency; that is, 


IV 
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ferent frequencies, asin example 2) areto pass 7 in figure 4 is a constant—say 100usec for a 
through the same ESR, the dissipation may be 10 kHz regulator. The control of Eo is achieved 
computed by the principle of superposition, by changing the duty cycle (a) of the control of 
using the sum-of-squares formula: the switching transistor. ron 

Pac = [(I,)2 + (I,)2 + (I,)2 + ...(In)2] ESR watts a= [ 1-——— 
where I,, I., |,, etc. are each rms values. 
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DESIGN ENGINEERING NOTES 


CE 


Figure 5 relates the various parameters around 


the circuit to critical currents and voltages that 


are established by the designer. Figure 5 presents 
a total of six sets of parametric curves, all syn- 
chronously related on a time “ladder,’ and the 
reader will find it possible, by moving from 5a to 
5f, in various random sequences, to perform the 
three design tasks he must complete before the 
details of the electronics circuit can be attacked. 


For example, figure 5f allows one to start with the | 


required output voltage and the sum of the load 
and capacitor current (figure 5b) to read the 
product 2AVRC. From this computation, one can 
use figure 5d to determine the value of C. 

One final note about figures 4 and 5. The results 
obtained from manipulations of figure 5 will not 
give completely valid results if the X_ shown in 
figure 4 is significant in magnitude to ESR. Fur- 
thermore, the results obtained in such a situation 


ZERO 


ig — 


ar ee ee oe ee oe f 


~ J (max)—i, (min) 


_-— “4! _- 2A Vrc 


; a | 


are “optimistic.” Tending to yield smaller values 
of C and lower power dissipation. Using the new 
aluminum electrolytics with amide electrolytes, it 
is possible to obtain extremely large values of 
capacitance in which the X, term is negligible 
compared to ESR. 

It is obvious that we are not able to present the 
complete subject in this condensed summary. 
Two or three sample designs, however, treated as 
exercises, should serve to give the reader suffi- 
cient versatility with this rigorous and compre- 
hensive view. 


Figure 5. Relationships among 
parameters of Figure 4, assuming 
X, <<<ESR. 


Figure 5b. Current through L.(i,). 


Figure 5f. Output voltage. 
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Application Guidelines 


Plug-in Axial and Radial Lead Types 


Proper handling of aluminum electrolytic capac- 
Itors in equipment assembly can insure good 
performance of the capacitors and a long life. 


Insulation 


General purpose types of aluminium electrolytic 


capacitors are covered with a sleeve made of 
vinyl chloride or the like. This sleeve is used for 
marking. When the internal element or the con- 
tainer needs to be electrically isolated, capacitors 
specially designed for insulation requirements 
should be used. | 


Element ~ Seal Rubber 


‘Lead wire 


ee Za 


SBeaaeae 


a= 
\ 
; 
\ 
\ 
\ 
\ 
\ 
\ 


Aluminum lead 


44 ji —_ 
Sleeve 
Aluminum case 


Mounting 

The distance between the terminal holes on the 
Circuit board should be the same as that between 
the lead wires or termina! of the capacitor. 
Excessive force in mounting on circuit boards 
should be avoided. _ a 


Axial Lead Radial Lead ° 


Plug-In 


Element 


Rubber Element 


“orstli 
aaa 
EA _ \ 
NI 


Lead wire 


Lead Blank terminal 


Lead wire 


(Excessive lead stress) (Wrong hole distance) 
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1. Axial and Radial Lead Types 

Improper insertion of the lead wires in circuit 
boards may cause electrolyte leakage or break 
the lead wires or impair their connection with the 
internal elements. When the distance between 
the two terminal holes on the circuit board can-' 
not be reduced to that between the lead wires, 
lead-formed capacitors are recommended. 


Lead stress should not exceed 1.5 kg. | 


2. Plug-in Type 

Improper insertion of the terminals in circuit 
boards may break the terminals or impair their 
connection with the internal elements. 

The blank terminal of a multi-terminal capacitor 
should be considered to be at the same potential 
as the electrolyte and should therefore be isolated 


_ from the circuit. When the blank terminal cannot 
be electrically isolated from the circuit, a capacitor . 


with a blank terminal that is insulated from the 
capacitor element should be specified. 


Soldering 

Incorrect soldering may shrink or break the sleeve. 
Please read the following information carefully, 
before soldering. 

1. Too high a soldering temperature or too longa 
soldering time may cause secondary shrinking 
of the sleeve which unnecessarily exposes the 
container. No problems will be observed at a 
soldering temperature of 260°C or below for no 
more than 10 seconds. 

2. Soldering may melt or break the sleeve, if the 
sleeve is in contact with circuit patterns. To avoid 
this problem, the capacitors should be mounted 
slightly raised from the circuit board. (Lead- 
formed capacitors are recommended.) | 
3. Sleeve may be melted by solder which has 
migrated up through the terminal holes on the 
circuit board. To avoid this problem, the same 
application as stated in the foregoing paragraph 
is recommended. - 
4. When soldering, heated lead wires or terminals 
of adjacent components may tear the sleeve if 
contacted. Please mount carefully so as not to 
bring adjacent components’ terminals or lead 
wires into contact with the sleeve, particularly 
when mounting on through-hole circuit boards. 
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Application Guidelines 
Plug-in Axial and Radial Lead Types 


Cleaning 

Aluminum can be aggressively attacked by halide 
ions, particularly by chloride ions. Even small 
amounts of chloride ions inside of the capacitor 
will cause corrosion accidents—rapid capacitance 
drop and venting. Therefore, the prevention of 


chloride contamination is the most important 


check point for quality control in our production 
lines. 


At present, chlorinated hydrocarbon organic sol- 
vents such as Trichlene,™ Chlorocene,” and 
Freon™ are commonly used to remove soldering 
pastes from circuit boards. However, if general 
purpose types of aluminum electrolytic capacitors, 
whose seal constructions are not solvent-proof, 
are cleaned with such solvents, the solvents may 
gradually penetrate the seal portion and corrode 
the inside of the capacitor. 


Accordingly, only alcohol base solvents are 
recommended for cleaning. Chlorinated hydro- 
carbons are not recommended. 


The mechanism of corrosion of aluminum elec- 
trolytic capacitors by chloride ions can be 
explained as follows: 


Chlorinated solvents are absorbed and diffuse 
through the polymer seal to enter the inside of 
the capacitor. Various chemical reactions may 
occur depending upon the particular solvent and 
electrolyte, but the final result is release of 
chloride ion. 


Chloride ion can penetrate through imperfections 
and micro-cracks in the aluminum oxide dielectric 
layer to reach the underlying aluminum metal. 


At these points the metal is attacked with pro-. 


duction of a soluble chloride in this anodic half- 
cell reaction: | 

Al+3CI~—AlCls+3e ........-00..2..2. (8) 
There is always at least 1-2% water in the electro- 
lyte and this is sufficient to hydrolyze the AlCls: 

AICls+3H20—AI(OH)3+3Ht+3CI— ...... (9) 
This reaction releases chloride ion for further 
attack of aluminum. The hydrogen ion increases 
the local acidity which causes oxide dielectric 
to dissolve. | 


Thus localized corrosion occurs at an accelerated 
pace with attack of both metal and dielectric. 
Recommended cleaning solvents therefore are 
those free of halogen. When halogenated sol- 
vents must be used, solvent-proof capacitors, 
whose seal construction are specially designed, 
are recommended. 


120 


Some adhesives, dampproofing agents and dust- 
proofing agents also contain halides and should 
be used with caution. | 


Cleaning of “Solvent Resistant” Capacitors _ 
The load life test specifications shall be satisfied 
after the capacitors are subjected to the following 
cleaning conditions. | 
Freon TE® or Freon TES® 
Max. cleaning time: 5 minutes 
Cleaning method: Immersion, ultrasonic, 
or vapor 
—Caution— | 
1. The capacitors can withstand the immersion 
cleaning with chlorothene for a maximum of 5 
minutes at the normal temperature. However, 
PVC sleeve swells with chlorothene and then 
may shrink by heat at drying process. Consult 
for chlorothene cleaning. — , eo 
2.When the lead spacing of the capacitor is 
different from the hole spacing to the PC board, 
use the lead forming type capacitor to prevent 
stress on seal. 
3. Consult for flux to be used and other cleaning 
conditions. | 
(Freon TE and Freon TES are registered trade- 
marks of Dupont, Inc.) 


Storage 

The characteristics of electrolytic capacitors 
depend on temperature; the higher the ambient 
temperature, the faster the deterioration proceeds 
(leakage current increase, tan 6 increase and 
capacitance drop). Humidity is another deter- 
iorating factor. Capacitors may have their lead 
wires/terminals oxidize, impairing solderability, 
when stored in humid places for long periods of 
time. 

Aluminum electrolytic capacitors should be stored 
at room temperature in dry places out of direct 
sunlight. | 

Capacitors stored at room temperature for not 
more than 2 to 3 years will show a negligible 
rise in the leakage current and will need no 

special treatment. : | | 


lf aluminum electrolytic capacitors are stored 
above room temperature for long periods of time, 
the anode foil may react with the electrolyte to 
increase the leakage current. The application of 
even normal voltages gives such capacitors larger 
leakage currents, whereby the amount of gas 
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Application Guidelines 
Plug-in Axial and Radial Lead Types 


generated may cause the safety vent to open. 
Capacitors stored for long periods of time should 
be su bjected to a voltage treatment* which reforms 
the dielectric. By this reform process, leakage 
current is reduced to the initial level. Leakage 
current increase varies with working voltage of 
the capacitors, normally in the order: 


Low voltage capacitors<Middle voltage capaci- 
tors<High voltage capacitors. 


Effect of Storage Time and Temperature 


SOWV — 100uF (012.5 = 201) 


%. Capacitance change 
No — 
[e) oO 


N 
N 
———=_ Leakage current in pA 


a 


Time in years 


*Note 

The voltage treatment is to gradually increase the applied voltage 
up to the rated value so that the current is set to the capacitor’s 
specified leakage current value, and then keep the applied voltage 
at the rated value for 30 to 60 minutes. 


General Guidelines For Using 
Electrolytic Capacitors 


1. Electrolytic capacitors for DC application 
require polarization. 

Confirm the polarity. If used in reversed polarity, 
the circuit life may be shortened or the capacitor 
may be damaged. For use in circuits whose 
polarity is occasionally reversed, or whose polarity 
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is unknown, use bi-polar capacitors. Also, note 
that an electrolytic capacitor cannot be used for 
AC application. | 


2. Do not apply a voltage exceeding the 
capacitor’s voltage rating. 

Ifa voltage exceeding the capacitor’s voltage rating 
is applied, the capacitor may be damaged as 
leakage current increases. When using the 


capacitor with AC voltage superimposed on DC. 


voltage, care must be exercised that the peak 


value of AC voltage does not exceed the rated © 


voltage. 


3. Do not exceed ripple current specification. 
Use the electrolytic capacitor at current values 


within the permissible ripple range. If the ripple. 


current exceeds the specified value, request 
capacitors for high ripple current applications. 


4. Determine the operating temperature range. 
Use the electrolytic capacitors according to the 
specified operating temperature range. Usage at 
lower temperature will ensure longer life. 


5. The standard electrolytic capacitor is not suit- 
able for circuits in which charge and discharge 
are frequently repeated. 

lf used in circuits in which charge and discharge 
are frequently repeated, the capacitance value 
may drop, or the capacitor may be damaged. 
Please consult our engineering department for 
assistance in these applications. 


6. Apply voltage treatment to the electrolytic 
capacitor which has been allowed to stand fora 
long time. 

If the electrolytic capacitor is allowed to stand 
for a long time, its working voltage is liable to 
drop, resulting in increased leakage current. If 
the rated voltage is applied to such a product, a 
large leakage current occurs and this generates 
internal heat, which damages the capacitor. If the 
electrolytic capacitor is allowed to stand for more 
than 2-3 years, apply a voltage treatment. 


7. Cleaning circuit boards after soldering. 


Some solvents have adverse effects on capacitors. . 


Ask our engineering department about suitable 
cleaning agents. 
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Application Guidelines 


Plug-in Axial and Radial Lead Types 


8. Do not place a soldering iron on the body of 
the capacitor. 

The electrolytic capacitor is covered with a vinyl 
sleeve to insulate the case. If the soldering iron 
comes in contact with the electrolytic capacitor 
body during wiring, damage to the vinyl sleeve 
and/or case may result in defective insulation, 
or improper protection of the capacitor elements. 


9. Be careful of temperature and time when 
soldering. 

When soldering a printed circuit board with 
various components, care must be taken that the 
soldering temperature is not too high and that 


— the dipping time is not too long. Otherwise, there 


will be adverse effects on the electrical charac- 
teristics and insulation sleeve of electrolytic 
capacitors. In the case of small-sized electrolytic 
capacitors, nothing abnormal will occur if dipping 
is performed at less than 260°C for less than 
10 seconds. 


10.Do not apply excessive force to the lead 
wires or terminals. 

lf excessive force is applied to the lead wires and 
terminals, they may be broken or their connections 
with the internal elements may be affected. (For 
strength of terminals, refer to JIS C5102, C5141 
and C5142.) 


11. Care should be used in selecting a storage 
area. 

lf electrolytic capacitors are exposed to high tem- 
peratures caused by such things as direct 
sunlight, the life of the capacitor may be adversely 
affected. Storage in a high humidity atmosphere 
may affect the solderability of lead wire and 
terminals. 


12. Surge voltage. 

The surge voltage rating is the maximum DC over- 
voltage to which the capacitor may be subjected 
for short periods not exceeding approximately 
30 seconds at infrequent intervals of not more 
than five minutes. Unless otherwise specified, 
the rated surge voltages are as follows: 
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16 25 35 


Rated Voltage (V) 6.3 10 
Rated Surge Voltage (V) 8 13 20 32 44 
Rated Voltage (V) 50 63 80 100 160 200 


Rated Surge Voltage (V) 63 79 100 125 200 250 


Rated Voltage (V) 250 315 350 400 450 
Rated Surge Voltage (V) 300 365 400 450 500 


13. Capacitor case sizes and other product 
standards specified in this catalog may be 
changed or modified without notice for improve- 
ment of quality. 
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Application Guidelines 
Plug-in Axial and Radial Lead Types 


> 

>] 

LEAD CUT AND LEAD FORMING 
; rT) 

oa 

| s 

Case dia. of 45 to 48 Unit (mm) Case dia. of #10 to #18 and 3479 Type (#22 to 430} Unit (mm) 3 
m 

FC/Forming Cut S 

P%, 

2 PS 
ieee $ 
J | 5+0.5 | aad 

2 max. 
*3.5+0.5 mm is available for case dia. #4. © 
Ss 

a8 

S. 

Case dia. of 65 to 8 _ Unit (mm) — Case dia. of 410 to 418 Unit (mm) S 
P| 

ee 


MC/ -| 
FM/Snap-in Forming Cut ele aie 


PRODUCT LABEL SPECIFICATION 


Philips Components Capacitors are marked with: 


# Nominal Capacitance Series Code Numbers and Sleeve/Marking Colors are as follows: 


= Rated Voltage SERIES SERIES CODE COLOR 


= Series Code Number 

3476—STD Blue/Black 
3476—Solvent Proof Blue/Red 
3480 Dark Brown/White 
Orange/Black 


# Polarity 

@ PHILIPS 

= Country of Origin 
# Special Tolerances 


3481 

3480—Solvent Proof Dark Brown/Yellow 
(Green) 

3481—Solvent Proof Orange/Red 
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Application Guidelines 
Plug-in Axial and Radial Lead Types 


> 
= 


TAPING 


(8mm diameter & smaller) 


aun 


zAlO4sZIAsZ Un 


21 


Note: The component can be oriented on the tape with 
.D either positive or negative lead leading. Customer 
re Base tape must specify. 
\ Adhesive tape 


si0vede9 


Remarks 


(Cumulative pitch error: 1mm/20 pitch) 
To be measured at bottom of clinch 


Applicable to reel pack box 


*For D=8, H=20.0+0.75 is available. In this case, the dimension of H, is not specified. 
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Application Guidelines 
Plug-in Axial and Radial Lead Types 


PACKAGING 
AMMO PACK BOX | | REEL PACK BOX 


_ Line for tear-off 


eo 


. e \Y ied 
Dia. of | Packaging Gs ES Packaging quantity 
capacitor a 


quantity 


54 max: 


“e+ 340 max. 


50+2\|,  370+2_ 41 


| Dia. of Packaging 
| capacitor quantity 


| Simm _| . 


Note) The component shall be oriented on the tape so that the 


positive lead is leading or the negative lead is leading, 
whichever customer request. 
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METRIC CONVERSION TABLE 


V 


UNINSULATED CASE DIMENSIONS 


dl 


| Case . 
Dimensions |. 


Guun 


Lead 
Dia. 


Inches 


Case 
Dimensions 


ZAlOs}Ia/Z Un 
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CASE OUTLINE DRAWING DIMENSIONS (mm) 
FIG. A 


5 min. 
eee Le eee ZO MINA 
—mLLt+o — } : Lo 


Vinyl sleeve 8 


Conversions of mm to inches for any dimensions not shown on the Conversion Table can be done by dividing mm by 25.4. 
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Summary of JIS C5141/C 5102 


Scope 

This standard specifies the characteristics, The testing method shall comply with JIS C5102— 
ratings, and dimensions of polarized, aluminum- Methods for Testing of Fixed Capacitors for 
foil, dry-type electrolytic capacitors for electronic Electronic Equipment. 

equipment, based on JIS C5140—General Rules 

for Electrolytic Capacitors, mainly to be used in 

DC circuits. 


Table 1 
Characieristic Testing method Summary of testing 
(JIS C5102) method in JIS C5102 
pc | BY ETAT w 


—40 | -25 | —25 | —10 26 
Range of operating temperature °C ~ ~ ~ ~ ~ 
+85 | +85 | +70 | +85 +70 
100~| 63 ~ 
Range of rated voltage V 6.3~450 450 | 100 
(excl.) 


, Appearance by visual 
3 Construction and dimensions To comply with Figs. and Tables To id with 6. Dimensions by either 
| and 6.3 caliper or micrometer 
ae To satisfy 3 To comply with 6.2 Marking by visual 
Marking 


Solvent ; To comply with 6.2.1 Immersed & Stationary in 
resistance To be easily readable Reagent to be acetone | feagentat 20 to 25°C for 
, } 30+5 seconds 


Precondition for 30 
minutes at rated voltage 
at 20-25°C, 24-48 hours 
prior to measurement. 
VOLTAGE: Rated Voltage 
TIME: 5 minutes after 
the voltage has reached 
the rated value. 
PROTECTIVE SERIES 
RESISTOR: About 

1,000 ohms. 


CV product 
1000 
or under 


Leakage 
Current 
HA 


Capacitance 
% 


0.06CV | 0.04CV 


Rated voltage 
6.3V or over 
up to 100V 


CV product 
over 1000 


—10~+150 


Nominal (excl.) 
capacitance! Rated voltage 
ot ae oF 100V or over ~10~+100 
up to 350V To comply with 7.4. 
(incl.) Measuring circuit to 


comply with Fig. 6C 
Measuring frequency 
120Hz=10% 

The peak of measuring 
voltage not to exceed 
the rated voltage. 


—10~+150 


7 Tangent of 
loss angle? 


Rated voltage | 10 
over 350V Lab 
Rated voltage 
6.3V or over 190. 
up to 100V eine 
Nominal (excl.) | 
Capacitance] Rated voltage 
over 4.7 xzF] 100V or over | —~10 ~ =10 — + 
up to 350V 10~+75 10~+100 
(incl.) 
Rated voltage —~1N~ 
over 350V ui | 
Rated voltage up to 
up to 25V (incl.) | Test method of No. 6 
Rated voltage over 25V applies. 
Rated voltage 63V 
up to 315V (incl.) oats 
Rated voltage over 315V 
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Summary of JIS C5141/C 5102 


Table 1 Continued 


Performance 
Characteristic 
fc] Bi[eETAT w | 
Leakage current Not to exceed value given in No. 5 
Not less than 85% | Not less than 80% 
Capacitance of the value of the value 
before test before test 
Surge 
voltage Not to exceed Not to exceed 


Testing method 
(JIS C5102) 


Summary of testing 


method in JIS C5102 


Precondition per No. 5 
above prior to Surge Test 
Test conditions are: 
VOLTAGE: Surge voltage 
specified in the individua 
standard. 

SERIES PROTECTIVE 
RESISTOR: About 

1,000 ohms. 

Voltage applied 

1,000 times for 30+5 
seconds at intervals of 
5+0.5 minutes without 
discharging. 


To comply with 7.10.% 
Testing temperature for 
characteristics C, B and 
E. maximum operating 
temperature +2°C: for 
characteristics A and W. 
15. to 35°C. 


200% of the value 
given in No. 7 


Tangent of loss angle 175% of the value 
given in No. 7 


To comply with 7.1 
To apply 1500V (1000V 
for rated voltage less 
than 300V) for 1 minute 
between the case and 
mounting fittings. 
To comply with 7.2 
Measurement to be 
made between the case 
and mounting fittings 
with a 500V insulation 
resistance tester. 


No flashover, dielectric 


: 4 
Withstand voltage breakdown to take place 


Insulation resistance’ Not less than 10 MQ 


Lead Wire 
Terminal Dm. Load 


Tensile strength To comply with 8.1. (mm) (kg) 
Terminal No breaking or Test condition (A) 0.3 thru 0.5 05 
strength loosening of terminal Duration of load >0.5 thru 0.8 1.0 
Application 10=1 sec. ao thru 1.2 ce 

= 1; : 


To comply with 8.2. 
class (A). 

Vibration to be applied for 
2 hours each in the direc- 
tions parallel and perpen- 
dicular to the longitudina 
axis of the capacitor. 
Total 4 hours. 


Measured values to remain stable 
during measurement (when measured 
several times within 30 minutes before 
the end of the test) 


VIBRATION FREQUEN- 
CIES. 10 to 55 to 10Hz. 
in 1 minute. Simple 
harmonic motion. 
TOTAL AMPLITUDE: 
1.5mm 


resistance 


Appearance No notable change to be found 


Capacitance 
Vibration 


Leakage current Not more than value given in No. 5 


. Solder-dip | Variation of capacitance Within +10% of the value before test 


The depth of dipping 
the terminal in flux and 
solder shall be up to 
4+0.8mm from the roof 
of the terminal, unless 
otherwise specified. 


FLUX. Methanol and sol- 
ution of rosin to be used 
OBSERVATION: It shall 
take place after dipping 
OBSERVATION INSTRU- 
MENT. Projector or mag- 
nifying glass with the 
magnification of about 10. 


To comply with 8.3. 
Temperature of solder 
350+10°C, dipping 

time 3+0.5 seconds. 


heat Tangent of loss angle Not more than value given in No. 7 


resistance No notable change to be found 


To comply with 8.4. 
Temperature of solder 

230+5°C. dipping time 
2+0.5 seconds. 


A minimum of 75% of the terminal 


| " 
Solderability surface must be covered with solder. 


Within+25% of value in Step 1 


Stability 
at low 


Within +20% of value in Step 1 To comply with 9.11. 
Measurement of impe- 
dance to comply with 7.7. 
Measuring frequency 


120Hz+10%. 


temper- 
ature and 


high tem- Tangent of . 
perature Not more than value given in No. 7 


Leakage current Not more than value given in No. 5 
Variation of weeny 
Within+11% of value in Step 1 
Tangent of " 
Not more than value given in No. 7 


See Table 3 
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Summary of JIS C51411C5102 


Table 1 Continued 


> 
= 


Testing method Summary of testing 


Gatun 


Performance 
Pec lereral] wo | eee sn aictlbaaaridaas 
ie 9.3 follow immediately IMMERSION CYCLE: 
Within +15% of by Immersion Test per (2) cycles in (2) baths Mm 
Variation value before test 9.4. Wash with water, dry | First bath clean water at en 
of capaci- at room temperature for | 65°+5°C for 15 minutes 1") 
tance 1 to 4 hours. followed by 0°+3°C ie) 
Within+10% of N/A Voltage condition per saturated salt water bath eh 
value before test No. 5 above. for 15 minutes. = 
Make measurements. =) 
> 
Tangent of loss angle | Not more than < 
value given in No. 7 fe 
No notable change RR a 
Appsatanice to be found r) 
To comply with 9.5. 2) 
Test conducted at no load pel) 
_ Test time, characteristics oS 
Variation C, B and E, Grade X TEMPERATURE: 
of capaci- 500+12 h 40+2°C oS 
tance Grade Y, 240+8 h RELATIVE HUMIDITY YT) 
voltage A and W, 120+6 h ~ 90 to 95%. a 
over | After completion of test. | NO VOLTAGE SHALL ra 
voltage condition per BE APPLIED 
: No. 5 above. Then > 
Tangent of loss angle Not more than value given in No. 7 measurements to be ~ 


made. 


To comply with 9.8. 
Air pressure 113+5 mbar. 
DC voltage equal to rated 
voltage to be applied for 
1 minute. 


Reduced pressure 


To comply with 9.103 
Test temperature 
maximum operating 
temperature +2°C 
Test time: characteristics 
C, Band €E, 

Grade X, 200+12 hours 
Grade Y, 1000+12 hours 
A and W, 500+12 hours 
Not more than Not more than Applied voltage DC 
175% of value 200% of value voltage equal to rated 
given in No. 7 given in No. 7 voltage to be applied 
through series protective 
resistor (about 1000) 

For Grade X, maximum 
permissible ripple cur- 


Leakage current Not more than value given in No. 5 


Tangent of loss angle 
rent to be passed 


Appearance 
through capacitor. 


Table 2 Table 3 


apes oe al [sion [Temperate 6 ine min 
Characteristics 0 
B, E, Aand W | Characteristic W Minimum working temperature _, 
(less than 100V) | (100V to 450V) 
315 to 350 (incle.) 


60 8 = 
16 4 12 
40 8 24 
350 to 450 (incle.) 80 20 60 


Remarks 1. Z,: impedance (Q) at the lowest operating temperature 
2. Z59: impedance (Q) at 120°C 
3. Measuring frequency to be 120Hz+10% 


Not less than 80% 
of value before test 


Not less than 85% 
of value before test 


No notable change to be found 


Rated voltage V 


3.15 to 6.3 (incle.) 
6.13 to 315 (incle.) 
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Ceramic Capacitors 
QUICK REFERENCE INDEX 


Ceramic Leaded Capacitors 


Capacitance 
Description Range 


Range (VDC) Pa 


UL / VDE / CSA 100 pf to 125VAC, 1 
AC Rated Discs 01 pF 250VAC, and 
400VAC 
Ultra-Kap® .01 pf to 3VDC to 184 
Class IV 2.2 uF 100VDC 


sees 
A MonoAxial™ MULTILAYER 10 pf to up to 200VDC 132 
Conformal Coated Axial Leaded 1.0 uF | 
G Mono-Glass™ MULTILAYER 10 pfto up to 200VDC 136 
Glass Encapsulated Axial Leaded 56 uF ? 
K Mono-Kap™ MULTILAYER 10 pf to up to 200VDC 142 1") 
Radial Leaded 10 uF a 
Mono-Pak™ MULTILAYER 10 pf to up to 200VDC 158 = 
Dual In-Line Package 33 UF = 
& 
General Purpose and 1.0 pf to 30VDC and 190 +) 
Temperature Stable Single Plate Caps 022 uF 100VDC g 
| a 
Ceramic Disc Capacitors S 
Capacitance Working Voltage pt) 
Description Range Range Page Oo 
D&S General Purpose and 1.0 pf to 50VDC to 162 Lm 
Temperature Stable Class 1,2 & 3 Tuk 6KVDC S 
S Circuit Protection .15 pf to up to 3000VDC; 179 7) 
GAP-KAP® 02 uF Up to 6KVDC Apo 
| ; 
U 


RF Rated, Special Application 3.0 pf to 5KV, 7.5KV, 
Transmitting Capacitors 001 uF 15KV and 20KVDC 
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SERIES A 


Mono-Axial’ Conformal 


Coated Ceramic Capacitors 


DESCRIPTION 


Industry requirements for components utilized in 
automated assembly and placement equipment 
have significantly expanded application opportu- 
nities for automatic insertion of multilayer ceramic 
capacitors. These devices enable the electronic 
manufacturer and assembler to increase the 
printed circuit board density and allow use of 
both sides of the board for greater productivity. 


Class | dielectrics (COG or NPO) have a stable, 
predictable, linear change over their operating 
temperature range and typically are neither Volt- 
age nor Frequency sensitive. Class Il and Class Ill 
dielectrics (X7R and Z5U, respectively) typically 
are used for bypass and coupling applications, 
where their sensitivity to Voltage and Frequency 
may be tolerated. Their Temperature Characteris- 
tics are non-linear and may best be described 
as a maximum tolerance envelope over a rated 
temperature range. 


MECHANICAL PARAMETERS: 


Terminal Strength: 2.2 Kg (5 Ibs) Minimum pull 
to destruction, per Method B5 of RS-198-Cll, Test 
Condition A. 

Lead Materials: #24 AWG (.020" +0.001") Tinned, 
Copper Clad Steel. 30% Conductivity. Temper: 
Soft; Tensile Strength: 65000 PSI Max. 


Body: Conformally coated Epoxy. 
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ELECTRICAL PARAMETERS: 


Capacitance: Measured @ 1Mhz @ 1.0+0.2 VRMS 
@ 25°C for COG types with C< 1000pF. Measured 
@ 1Khz @ 1.0+0.2 VRMS @ 25°C for COG types 
with C> 1000pF. Measured @ 1Khz @ 1.0VRMS + 
.2VRMS @ 25°C for X7R types. Measured @ 1Khz 
@ 0.5VRMS +.1VRMS @ 25°C for Z5U types. 
Dissipation Factor: .1% Maximum for COG types, 
2.5% Maximum for X7R types and 4.0% for Z5U 
types; Measurement conditions are the same as 
for Capacitance measurement. | 
Dielectric Strength: Parts are subjected for up to 
5 seconds @ 25°C to 250% of Rated Voltage 
and will exhibit no evidence of breakdown. 
Insulation Resistance: When measured @ 25°C 
and Rated Voltage, the following Minimum Values 
will be met: 100K Meg or 10000F (whichever is 
less) for COG and X7R types, 10K MegQ or 1000 
OF (whichever is less) for Z5U types. 

Body Insulation: 500VDC Minimum, in accord- 
ance with RS-198-CIl. 

Operating Temperature Range: —55°C to +125°C 
for COG, —55°C to +125°C. for X7R, —55°C to 
+85°C for Z5U. 


Packaging: Mono-Axial parts are supplied in tape 
and reel and form per EIA RS-296. 
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. CERAMIC CAPACITOR PART NUMBER SYSTEM 
Mono-Axial™ Conformal Coated Ceramic Capacitors 


A 104 M 17 Z5U F VV WN 


A Mono-AXIAL Product Line Cap Min. Detail 
Value IR Code 
Tolerance Code: VV Taped & Reeled per © in 7 i ?) 
J +5% (COG Only) EIA RS296D Class 1 Mfd ® 
~£20% an 2.5K Reel 29 & 40Size <. 
CAPACITANCE VALUE P +100/—0% (Z5U) 020" Dia Tin Plated 012 84000 WB — 
First two digits are Z +80/—20% (Z5U) CCS Wire Leads 015 67000 WC ~ 
significant, third digit 018 56000 WD °' 
is a multiplier as follows: VY Taped & Reeled per 022 46000 WE 
Ox 1 EIA RS296D Class 1 Ly 
; . 027 37000 WF 
1x10 1K Reel All Sizes 9 
Unie Ti 033 31000 WG 
2x 100 020" Dia Tin Plated xs] 
CCS Wire Lead .039 26000 WH 9 
3 x 1000 COG OPPM+30PPM ne Leads 047 22000 WJ 
4x 10000 from —55°C to +125°C 056 18000 WK Q 
5 x 100000 X7R +15% Max Cap 068 15000 WL e% 
change from —55°C 082 12000 WM S 
to +125°C, .100 10000 WN 7 
Z5U +22 to -56% Max F 50VDC 120 8400 WP 
Cap change from COG, X7R, Z5U 150 6700 WR 
. +10°C to +85°C. 180 5600 WS 
Size Code: 
17 .170"Long, .100"Dia. H 100VDC .220 4600 WT 
18 .170"Long, -120'Dia. Note: 1 inch = 25.4 mm COG, X7R Z5U 27 3700 WU 
96 .260"Long, .120"Dia. 33 3100 WW 
99 .290"Long, .150"Dia. K 200VDC 39 2600 WX 
40 .400"Long, .150"Dia. COG, X7R — ar Me 
.68 1500 XB 
82 1200 


1000 
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SERIES A 


Mono-Axial” Conformal Coated Ceramic Capacitors 


MONO-AXIAL RANGE CHARTS AND SIZE CODES: 


| Material | coe | XR | ZU 
| Voltage | 50v | 100v| 200v| Sov | to0v| 200v| Sov | 100V 
jCapVaue{| | | | | | | | 
pio er | itz i7t tt 
ee ee ee 
ee eee 
pie opr | itz tz] ot 


ae ee ee ee ee 
a ee ee ee 
(33 pF | iz tz} 7] tT 
ae ee ee 
a ee ee 
i 


re or |w}wtw} | | | | 
re or |w}wtw} | | | | 
C100 oF [wp wpa} | | | | 
20 oF |p wpa} | | | | 
iso oF | fw tw} | | | | 
Teo or |v twtw] | | | | 
220 oF ||| wtw_w_7] | 
Ceo or |v twtwlwtwtv] | 
a0 oF || |elwi[wtw] | 
300 oF | 7 || al w| wiv] | 
ao || iilelw[wi[w] | 
Tso oF ||| elw|wtw] | 
680 oF | 17 | 26 | || wiv] | 
320 oF | 7 | 26] | v|7iw] | 
00 uF | 7 | 26] ol] wt] | 
Toor | 26} 26] alw|wtwt | 
_o015uF | 26] 26] a} v|w[wt | 
Toor | 26] 26] 2] 7] wti| | 
[022 uF | 26 | 29] a] w|i] | 
CooaruF | 29] <0] | 7} vt} | 
-o0suF | 29 | aol |v} wtwl| | 
Too. [oto] ~wi[w}wlt | 
Towra ||| | | 7 | 26 || 

Tooscr | | | |wi}wiel | 
cose | | | |wlwilel | 
Toor | | | [wlw[~s] | 


Standard Tolerances: 

COG +5%; +10% also available 
X7R = +10%; +20% also available 
Z5U  +80/—20%; +20% also available. 


134. 


[Materia [coe | xR | Z5U_ 
| Voltage | Sov | 1o0v| 200v| Sov | 100v| 200v| Sov | 100v 
[Capvawe| | | | | | | | 
ae ee 
Ea 
Poser | LT 7 a7 | 26 | a7 | 7 
pour | tT ft | 26 fa | 7 
poe [| Ti ft | 26 | 7 
| oarur | | | 7 | 26 | 20 | 7 | 7 
| ossur | | | 17 | 26 | 29 | 17 | 26 
_o3ouF | | | | 7 { 26 | 29 | a7 | 26 


Taped and Reeled per EIA RS-296E 
#24 AWG 
Lead (2x) 


Diameter 


<< Length —> \ 


+ 062" 


%" Wide 
Carrier Tape (2x) 


Dimensions per EIA RS-198: 


[size [ Length | Diameter 
7] 170" Me | 100" War 
26 
P29 
a0. 


Note: 
“Length is defined per 
EIA RS-198C” 


ETI 
290" Max 
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SERIES A 


Mono-Axial™ Conformal Coated Ceramic Capacitors 


DIST. 


PART NUMBER 


A40A100J 
A40A150J 
A40A180J 
A40A220J 
A40A270J 
A40A330J 
A40A470J 
A40A680J 
A40A820J 
A40C101J 
A40C151J 
A40C181J 
A40C221J 
A40C331J 
A40C391J 
A40C471J 
A40C561J 
A40C681J 
A40C0102J 


A41A221K 
A41A271K 
A41A331K 
A41A471K 
A41A681K 
A41A821K 
A41A102K 
A41A122K 
A41A152K 
A41A222K 
A41C332K 
A410C472K 
A41C103K 
A41C153K 
A41C223K 
A41C333K 
A41C473K 
A41C563K 
A410C104K 


A43C103M 
A43C103Z 
A43C223M 
A43C333M 
A43C473M 
A430473Z 
A43C104M 
A43C0104Z 
A43C224M 
A43C224Z 
A43C274Z 
A43C334M 
A43C0334Z 
A43C4742Z 


| CATALOG | 

STANDARD STOCKED PARTS CAP. PART NUMBER 

OTHER PART TYPES AVAILABLE— 

CONSULT FACTORY MONOAXIAL™ 50 Volt DCW COG (NPO) 
10pf A100J17COGHVVWA 
15pf A150J17COGHVVWA 
18pf A180J17COGHVVWA 
22pf A220J17COGHVVWA 
27pf A270J17COGHVVWA 
33pf A330J17COGHVVWA 
47pf A470J17COGHVVWA 
68pf A680J17COGHVVWA 
82pf A820J17COGHVVWA 
100pf A101J17COGFVVWA 
150pf A151J17COGFVVWA 
180pf A181J17COGFVVWA | 
220pf A221J17COGFVVWA 
330pf A331J17COGFVVWA 
390pf A391J17COGFVVWA 
470pf  _A471d17COGFVVWA 
560pf A561J17COGFVVWA 
680pf A681J17COGFVVWA 
1000pf §A102J17COGFVVWA 
MONOAXIAL™ 50 Volt DCW X7R 
220pf A221K17X7RHVVWA 
270pf A271K17X7RHVVWA 
330pf A331K17X7RHVVWA 
470pf A471K17X7RHVVWA 
680pf A681K17X7RHVVWA 
820pf A821K17X7RHVVWA 
001 uf ==A102K17X7RHVVWA 
0012 uf §=A122K17X7RHVVWA 
0015 uf = A152K17X7RHVVWA __ 
0022 uf = A222K17X7RHVVWA 
.0033 uf | A332K17X7RFVVWA 
0047 uf. }==A472K17X7RFVVWA 
01 uf A103K17X7RFVVWA 
015 uf = A153K17X7RFVVWC 
022 uf. A223K17X7RFVVWE 
033 uf. A333K17X7RFVVWG 
047 uf. }=.A473K17X7RFVVWWJ 
056 uf == A563K17X7RFVVWK 
1 uf A104K18X7RFVVWN 
MONOAXIAL™ 50 Volt DCW Z5U 
01 uf A103M17Z5UFVVWA 
01 uf A103Z17Z5UFVVWA 
022 uf  A223M17Z5UFVVWE 
033 uf A333M17Z5UFVVWG 
047 uf. }=3=.A473M17Z5UFVVWWJ 
047 uf. }§=— A473Z17Z5UFVVWWJ 
1 uf A104M17Z5UFVVWN 
1 uf A104Z17Z5UFVVWN 
22 uf A224M18Z5UFVVWT 
22 if A224Z18Z5UFVVWT 
27 uf A274Z18Z5UFVVWU 
33 uf A334M18Z5UFVVWW 
33 jf A334Z18Z5UFVVWW 
47 uf A474Z40Z5UFVVWY 
56 uf A564M40Z5UFVVXD 


A43C564M 


CAP. 
TOL. 


+ 57% 
+ 5% 
+t 5% 
+ 5% 
a 5% 
+ 5% 
+5% 
+ 5% 
+ 5% 
+5% 
+ 5% 
+ 5% 
+ 5% 
+5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+5% 


+10% 
+10% 
+10% 
+10% 
+10% 
+10% 
+10% 
+10% 
+10% 
+10% 
+10% 
+10% 
+10% 
+10% 
+10% 
+10% 
+10% 
+10% 
+10% 


+20% 
+80, -20% 
+20% 
+20% 
+20% 
+80, -20% 
+20% 
+80, -20% 
+20% 
+80, -20% 
+80, -20% 
+20% 
+80, -20% 
+80, -20% 
+20% 
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SIZE 


CODE 


17 
va 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 


17 
17 
Tf 
lf 
17 
7 
17 
17 
17 
17 
17 
17 
17 
if 
17 
17 
17 
17 
18 


17 
17 
17 
4 
re 
17 
17 
17 
18 
18 
18 
18 
18 


40 


40 
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SERIES G 


Mono-glass” 50VDC and 100VDC, Glass Encapsulated, 


Multilayer Capacitors 


DESCRIPTION: 


Series G Glass Encapsulated capacitors feature 
reliable hermetically sealed type, glass to metal 
construction. This durable construction prevents 
reflow of solderless internal contacts in the wave 
soldering process and prevents glass fracturing 
during lead forming. 

The Glass Encapsulated capacitors are ideally 
suited for applications in communications equip- 
ment, navigation and guidance systems, compu- 
ter business machines or where high volume, low 
price is required. 


ELECTRICAL PARAMETERS 


CAPACITANCE: 

Measured @ 1Mhz @ 1.0+0.2 VRMS @ 25°C for 
COG types with C< 1000pF. 

Measured @ 1Khz @ 1.0+0.2 VRMS @ 25°C for 
COG types with C = 1000pF 

Measured @ 1Khz @ 1.0VRMS + .2VRMS @ 25°C 
for X7R types. 


Measured @ 1Khz @ .5VRMS +.1VRMS @ 25°C 


for Z5U and Y5V types. 


136 


DISSIPATION FACTOR: 

.1% Maximum for COG types, 

2.5% Maximum for X7R types and 

4.0% Maximum for Z5U and Y5V types; 
Measurements conditions are the same as for 
Capacitance measurement. 

DIELECTRIC STRENGTH: 

Parts are subjected for up to 5 seconds @ 25°C 
to: 250% of Rated Voltage 

INSULATION RESISTANCE: 

When measured @ 25°C and Rated Voltage, the 
following Minimum Values will be met: 

100 Gig QO or 1000 OF (whichever is less) for 
COG and X7R types, 10 GigO or 1000 OF (which- 
ever is less) for Z5U and YSV types. 
ENCAPSULATION: 

Glass to Metal Seal 

OPERATING TEMPERATURE RANGE 

—55°C to +125°C for COG 

—55°C to +125°C for X/R 

—55°C to +85°C for Y5V and Z5U 
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CERAMIC CAPACITOR PART NUMBER SYSTEM 
Mono-glass Glass Encapsulated Capacitors 
a gre 


G 102 M 17 Z5U F VV WA 


G Mono-Glass Product Line 


Size Code: 
17 .170" Long, .100” Dia. 
20 .200" Long, .100" Dia. 
25 .250" Long, .100" Dia. 
CAPACITANCE VALUE 30 .300" Long, .150" Dia. 
First two digits are 40 .400" Long, .150" Dia. 
significant, third digit 
is a multiplier as follows: 
0x 
1x10 
2 x 100 
3 x 1000 
4 x 10000 
5 x 100000 COG OPPM = 30PPM 
from —55°C to +125°C 
X7R + 15% Max Cap 
change from —55°C 


F 50VDC 
COG, X7R, Z5U 


H 100VDC 
COG,X7R Z5U 


K 200VDC 
COG,X7R 


VV Taped & Reeled per 
EIA RS296D Class 1 
OK Reel 17, 20 & 25 Size 
2.5K Reel 30 & 40 Size 

.020" Dia. Tin Plated 

CCS Wire Leads 


to +125°C 
Z5U +22 to —56% Max 
Cap change from 
+10°C to +85°C Note: 1 Inch = 25.4 mm 


Tolerance Code: 
J += 5% (COG Only) 
K + 10% (COG and X7R) 


M = 20% (X7R andZ5U) 
P +100/—0% (Z50) 
Z +80/—20% (Z5U) 


Note: Above Numbering System is for STANDARD PRODUCT. 
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SERIES G 


Mono-glass” 50VDC and 100VDC, Glass Encapsulated, 


Multilayer Capacitors 


CAPACITANCE RANGE PER BODY SIZE 


COG X7R Z5U 
TOL 5%, 10% TOL 10%,20% TOL 20%, 80/20% 
SIZE VOLTAGE MIN/MAX VAL. MIN/MAX VAL. MIN/MAX VAL. 
47 50V 10/470PF 100PF/.027MFD .001/.1MFD 
3 100V 10/390PF 100PF/.012MFD .001/.022MFD 
20 50V 560/680PF O33MFD .056/.1MFD 
F 100V 470PF .015MFD .027MFD 
25 50V 750/1000PF .039/.056MFD .1MFD 
100V 560/820PF .018/.022MFD .033/.047MFD 

30 5OV 1200/3300PF .068/.18MFD .12/.33MFD 
: 100V 1000/2700PF .027/.082MFD .056/.15MFD 
40 50V 3900/6800PF .22/.56MFD .39/.56MFD 
- 100V 3300/4700PF  .1/.15MFD .18/.27MFD 
Mechanical: 

Size Maximum Length Maximum Diameter 

Code Inches Millimeters Inches Millimeters 

+7 .170 4,32 .100 2,54 

20 .200 5,08 .100 2,54 

25. .250 6,36 .100 2,54 

30 300 7,63 150 3,81 

40 .400 10,17 .150 3,81 


Note: 1 Inch = 25.4mm 


STANDARD MARKING (Minimum) 
Capacitance Value: 
1 gy eed 99pF: actual value in pF (2 digits 
only 
100pF and above: coded cap. value, same as 
used in P/N 
Tolerance Code; Standard EIA Tolerance Code. 
Material Code (EIA TC CODE): A= COG, C = X7R, 
E = Z5U, Y = Y5V 
Date Code: four digit code, first two digits denote 
year, last two the week of manufacture. 
PACKAGING: 
Standard Product of Size Code 17, 20 and 25 is 
Reel-packed per EIA RS-296; 5000 pcs per reel. 
Standard Product of Size Code 30 and 40 is Reel- 
packed per EIA RS-296; 2500 pcs per reel. 


Tin Plated 
#24 AWG CCS 
020(0,50) Dia. 


(25,4) 


INCH 
MILLIMETER 


INCH (MILLIMETER) 
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SERIES G 


Mono-glass" 50VDC and 100VDC, Glass Encapsulated, 


Multilayer Capacitors 


STANDARD STOCK LISTING 
DIST. CAP. SIZE 

CAP. PART NUMBER PART NUMBER TOL. CODE 
50 Volt DCW COG (NPO) 

10 pf G100J17COGFVVWA C40C100J + 5% 17 
10 pf G100K17COGFVVWA C40C100K + 10% 17 
12 pf G120J17COGFVVWA C40C120J + 5% 17 
15 pf G150J17COGFVVWA C40C150J + 5% 17 
15 pf G150K17COGFVVWA C40C150K + 10% 17 
18 pf G180J17COGFVVWA C40C180J + 5% 17 
22 pf G220J17COGFVVWA C40C220J + 5% 17 
22 pf G220K17COGFVVWA C40C220K + 10% 17 
27 pf G270J17COGFVVWA C40C270J + 5% 17 
33 pf G330J17COGFVVWA C40C330J + 5% 17 
39 pf G390J17COGFVVWA C40C390J + 5% 17 
47 pf G470J17COGFVVWA C40C470J + 5% 17 
47 pf G470K17COGFVVWA C40C470K + 10% 17 
56 pf G560J17COGFVVWA C40C560J + 5% 17 
68 pf G680J17COGFVVWA C40C680J + 5% 17 
68 pf G680K17COGFVVWA C40C680K + 10% 17 
82 pf G820J17COGFVVWA C40C820J + 5% 17 
82 pf G820K17COGFVVWA C40C820K + 10% 17 
100 pf G101J17COGFVVWA C40C101J + 5% 17 
100 pf G101K17COGFVVWA C40C101K + 10% 17 
120 pf G121J17COGFVVWA C40C121J + 5% 17 
150 pf G151J17COGFVVWA C40C151J + 5% 17 
180 pf G181J17COGFVVWA C40C181J + 5% 17 
220 pf G221J17COGFVVWA C40C221tJ + 5% 17 
220 of G221K17COGFVVWA C40C221K + 10% 17 
270 pf G271J17COGFVVWA C40C271J + 5% 17 
330 pf G331J17COGFVVWA C40C331J + 5% 17. 
390 pf G391J17COGFVVWA C40C391J + 5% 17 
390 pf G391K17COGFVVWA C40C391K + 10% 17 
470 pf G471J17COGFVVWA C40C471J + 5% 17 
470 pf G471K17COGFVVWA C40C471K + 10% 17 
560 pf G561J17COGFVVWA C40C561J + 5% 17 
680 pf G681J17COGFVVWA C40C681J + 5% 17 
820 pf G821J25COGFVVWA _ + 5% 25 
001 uf G102J25COGFVVWA = + 5% 25 
001 pf G102K25COGFVVWA + 10% 25 
0012 uf G1I2Z2J30COGFVVWA o + 5% 30 
0015 uf G1I52J30COGFVVWA ~ + 5% 30 
0018 uf G1I82J30COGFVVWA C40C182J + 5% 30 
0022 uf G222J30COGFVVWA C40C222J + 5% 30 
0027 uf G272J30COGFVVWA C40C272J + 5% 30 
.0027 uf + G272K30COGFVVWA C40C272K + 10% 30 
.0033 uf G332J30COGFVVWA C40C332J + 5% 30 
.0033 pf G332K30COGFVVWA C40C332K + 10% 30 
.0039 pf G392J40COGFVVWA _ + 5% 40 
0047 uf G472J40COGFVVWA _ + 5% 40 
.0056 uf G562J40COGFVVWA C40C562J + 5% 40 
0068 pf G682J40COGFVVWA C40C682J + 5% 40 
.0068 pf G682K40COGFVVWA C40C682K + 10% 40 
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SERIES G 


Mono-glass™ 50VDC and 100VDC, Glass Encapsulated, 


Multilayer Capacitors 


STANDARD STOCK LISTING 

| DIST. CAP SIZE 
CAP PART NUMBER PARTNUMBER __ TOL. CODE 
50 Volt DCW X7R 
15 uf G154K30X7RFVVWR C41C154K + 10% 30 
18 uf G184K30X7RFVVWS C41C184K + 10% 30 
22 uf G224K30X7RFVVWT = + 10% 30 
50 Volt DCW Z5U 
001 uf —_G102M17Z5UFVVWA C43C102M + 20% 17 
001 pf —_G102Z17Z5UFVVWA C43C102Z + 80-20% 17 
0012 uf —_G122M17Z5UFVVWA C43C122M + 20% 17 
0015 uf —G152M17Z5UFVVWA C43C152M + 20% 17 
0018 uf _G182M17Z5UFVVWA C43C182M + 20% 17 
0022 uf _G222M17Z5UFVVWA C43C222M + 20% 17 
0027 uf _G272M17Z5UFVVWA C43C272M + 20% 17 
0033 uf _G332M17Z5UFVVWA C43C332M + 20% 17 
0039 uf _G392M17Z5UFVVWA C43C392M + 20% 17 
0047 uf _G472M17Z5UFVVWA C43C472M + 20% 17 
0056 uf —G562M17Z5UFVVWA C43C562M + 20% 17 
0068 uf —_G682M17Z5UFVVWA C43C682M + 20% 17 
0082 uf _G822M17Z5UFVVWA C43C822M + 20% 17 
01 uf G103M17Z5UFVVWA C43C103M + 20% 17 
01 uf G103Z17Z5UFVVWA C43C103Z + 80-20% 17 
012 uf _ G123M17Z5UFVVWB C43C123M + 20% 17 
015 uf _G153M17Z5UFVVWC C43C153M + 20% 17 
022 uf _ G223M17Z5UFVVWE C43C223M + 20% 17 
022 pf _G223Z17Z5UFVVWE C43C223Z + 80-20% 17 
027 uf —_ G273M17Z5UFVVWF C43C273M + 20% 17 
033 pf __G333M17Z5UFVVWG C43C333M + 20% 17 
033 uf _ G333Z17Z5UFVVWWG C43C333Z + 80-20% 17 
039 uf _G393M17Z5UFVVWH C43C393M + 20% 17 
047 uf —_ G473M17Z5UFVVWJ C43C473M + 20% 17 
047 wf —_ G473Z17Z5UF VW C43C473Z + 80-20% 17 
056 uf —_G563M17Z5UFVVWK C43C563M + 20% 17 
068 uf _ G683M17Z5UFVVWL C43C683M + 20% 17 
068 uf —_G683Z17Z5UFVVWL C43C683Z + 80-20% 17 
082 uf __ G823M17Z5UFVVWM C43C823M + 20% 17 
1 uf G104M17Z5UFVVWN C43C104M + 20% 7 
Auf G104Z17Z5UFVVWN C43C104Z + 80-20% 17 
12 uf G124M30Z5UFVVWP C43C124M + 20% 30 
15 uf G154M30Z5UFVVWR C43C154M + 20% 30 
18 yf G184M30Z5UFVVWS C43C184M + 20% 30 
22 uf G224M30Z5UFVVWT C43C224M + 20% 30 
.22 uf G224Z30Z5UFVVWT C43C224Z + 80-20% 30 
27 uf G274M30Z5UFVVWU C43C274M + 20% 30 
33 uf G334M30Z5UFVVWW _ + 20% 30 
39 uf G394M40Z5UFVVWX = + 20% 40 
AT uf G474M40Z5UFVVWY = + 20% 40 
A7 uf G474Z40Z5UFVVWY A + 80-20% 40 
50 Volt DCW Y5V 
0047 uf G472Z17Y5VFVVWA C42C472Z +80-20% 17 
01 uf G103Z17Y5VFVVWA C42C103Z +80-20% 17 
047 uf —_G473Z17Y5VFVVWJ C42C473Z +80-20% (17 
1 uf G104Z25Y5VFVVWN C42C104Z +80-20% 25 
140 
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SERIES G 
Mono-glass™ 50VDC and 100VDC, Glass Encapsulated, 
Multilayer Capacitors 


DIST. CAP. SIZE 

CAP. PART NUMBER PART NUMBER TOL. CODE 
50 Volt DCW X7R 

100 pf G101K17X7RFVVWA C41C101K + 10% 17 
100 pf G101M17X7RFVVWA C41C101M + 20% 17 
120 pf G121K17X7RFVVWA C41C121K + 10% 17 
150 pf G151K17X7RFVVWA C41C151K + 10% 17 
150 pf G151M17X7RFVVWA C41C151M + 20% 17 
180 pf G181K17X7RFVVWA C41C181K + 10% 17 
220 pf G221K17X7RFVVWA C41C221K + 10% 17 
220 pf G221M17X7RFVVWA C41C221M + 20% 17 
270 pf G271K17X7RFVVWA C41C271K + 10% 17 
330 pf G331K17X7RFVVWA C41C331K + 10% 17 
330 pf G331M17X7RFVVWA C41C331M + 20% 17 
390 pf G391K17X7RFVVWA C41C391K + 10% 4 
470 of G471K17X7RFVVWA C41C471K + 10% Tf 
470 pf G471M17X7RFVVWA C41C471M ~ + 20% 17 
560 pf G561K17X7RFVVWA C41C561K + 10% 17, 
680 pf G681K17X7RFVVWA C41C681K + 10% 17 
680 pf G681M17X7RFVVWA C41C681M + 20% t7 
820 pf G821K17X7RFVVWA C41C821K + 10% 17 
001 pf G102K17X7RFVVWA C41C102K + 10% 17 
.001 pf G102M17X7RFVVWA C41C102M + 20% 17 
0012 uf }= G122K17X7RFVVWA C41C122K + 10% 17 
0015 uf = G1I52K17X7RFVVWA C41C152K + 10% 17 
0015 uf = G152M17X7RFVVWA C41C152M + 20% 17 
0018 pf G182K17X7RFVVWA C41C182K + 10% 17 
0022 uf G222K17X7RFVVWA C41C222K + 10% 17 
0022 uf G222M17X7RFVVWA C41C222M + 20% 17 
0027 uf = G272K17X7RFVVWA C41C272K + 10% 17 
.0033 uf G332K17X7RFVVWA C41C332K + 10% 17 
.0039 uf G392K17X7RFVVWA C41C392K + 10% 7 
0047 pf }=©G472K17X7RFVVWA C41C472K + 10% 17 
.0047 uf = G472M17X7RFVVWA C41C472M + 20% 17 
.0056 uf G562K17X7RFVVWA C41C562K + 10% 17 
.0068 pf G682K17X7RFVVWA C41C682K + 10% 17 
.0082 uf G822K17X7RFVVWA C41C822K + 10% 17 
01 pf G103K17X7RFVVWA C41C103K + 10% 17 
01 pf G103M17X7RFVVWA C41C103M + 20% 17 
012 uf G123K17X7RFVVWB C41C123K + 10% 17 
015 uf G153K17X7RFVVWC C41C153K + 10% 17 
018 uf G183K17X7RFVVWD C41C183K + 10% 17 
022 uf G223K17X7RFVVWE C41C223K + 10% 17 
022 uf G223M17X7RFVVWE C41C223M + 20% 17 
027 uf G273K17X7RFVVWF C41C273K + 10% 17 
033 pf G333K25X7RFVVWG C41C333K + 10% 25 
.039 pf G393K25X7RFVVWH C41C393K + 10% 25 
.039 uf G393M25X7RFVVWH C41C393M + 20% 25 
.047 uf G473K25X7RFVVWJ C41C473K + 10% 25 
047 uf G473M25X7RFVVWJ C41C473M + 20% 25 
056 uf G563K25X7RFVVWK C41C563K + 10% 25 
.068 uf G683K30X7RFVVWL C41C683K + 10% 30 
082 uf G823K30X7RFVVWM C41C823K + 10% 30 
1 suf G104K30X7RFVVWN C41C104K + 10% 30 
1 uf G104M30X7RFVVWN C41C104M + 20% 30 
12 uf G124K30X7RFVVWP C41C124K + 10% 30 

Philips Components ° 7158 Merchant Avenue « El Paso, TX 79915 « (915) 775-4242 ¢ FAX: (915) 775-4249 141 


s410}i2ede) 21mesay Nn 


ssopoede?) 211ules3a9 ro 


SERIES K 


Mono-Kap® COG, X7R, Y5V and Z5U, 50VDC, 100VDC, and 
200VDC Multilayer Capacitors 


DESCRIPTION: ELECTRICAL PARAMETERS: 

Series K General Purpose capacitors offer high CAPACITANCE: 

capacitance, miniature size units for general Measured @ 1Mhz @ 1.0+0.2 VRMS @ 25°C for 
purpose applications. These miniature multilayer COG types with C< 1000pF. 

capacitors feature radial leads for convenient Measured @ 1Khz @ 1.0+0.2 VRMS @ 25°C for 
printed circuit board installation and a rugged COG types with C = 1000pF. 

epoxy coating for environmental protection. | Measured @ 1Khz @ 1.0VRMS + .2VRMS @ 25°C 
These capacitors are ideally suited for a wide for X7R types. 


range of non-critical general purpose bypass, Measured @ 1Khz @ .5VRMS +.1VRMS @ 25°C 
coupling and filtering applications. for Z5U and YSV types. | 


Series K Ultra-Stable capacitors provide maxi- DISSIPATION FACTOR: 

mum capacitance stability over a wide range of -! pe mn for COG types, 

environmental conditions, applied voltages and 2:0% Maximum for X7R types and 
frequencies. The ultra-stable COG (NPO) temper- 4.0% Maximum for ZSU and YoV types; 

ature characteristic is maintained over the com- Measurements conditions are the same as for 
plete operating temperature range of —55°C to Capacitance measurement. 

#125°C. DIELECTRIC STRENGTH: 

These capacitors are ideally suited for RC network, Parts are subjected for up to 5 seconds @ 25°C 
pulse and RF tuned circuit applications where to: 250% of Rated Voltage 

extreme stability is of paramount importance. INSULATION RESISTANCE: 

Series K Temperature Stable capacitors are reli- When measured @ 25°C and Rated Voltage, the 
able temperature stable units with a high ratio following Minimum Values will be met: 100 GigQ 
of capacitance per unit volume. These miniature OF 1000 OF (whichever is less) for COG and X7R 
size units offer a rugged epoxy coating for envi- types, 10 Gig © or 1000 OF (whichever is less) 
ronmental protection and radial leads for conve- for Z5U and YSV types. 

nient printed circuit board installation. ENCAPSULATION: 

These capacitors are designed to provide reliable Conformal Epoxy 

temperature stable performance over an extremely OPERATING TEMPERATURE RANGE: 

wide temperature range in bypass, coupling and —55°C to +125° for COG and X7R 

blocking operations. —55°C to +85°C for Y5V and Z5U 
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CERAMIC CAPACITOR PART NUMBER SYSTEM 


Mono-Kap® Multilayer Capacitors 
a Se 


K 104 M 20 Z5U F TT WN 


Value IR Code ae 
Size Code: F 50VDC in in = 
.150"x.150"x.100' Thick COG, X7R, Z5U Mfd. Mega Q) 
.200"x.200"x.125'Thick < 01 100000 WA = 
.300"x.300"x.150"Thick H 100VDC ~ (012 84000 WB 
CAPACITANCE VALUE .400"x.400"x.150'"Thick COG,X7R,Z5U 01 5 67000 WC S 
First two digits are .500"x.500"x.200' Thick 01 8 56000 WD 
significant, third digit K 200VDC 022 46000 WE ) 
is a multiplier as follows: COG,X7R 027 37000 WF 2 
: : i 033 31000 WG 9 
eee 039 26000 WH e, 
3 x 1000 047 22000 WJ Pt 
4 x 10000 056 18000 WK S 
5 x 100000 COG OPPM + 30PPM 068 15000 WL >. 
from —55°C to +125°C ea oy mm (I 


X7R + 15% Max Cap .100 10000 WN 


change from —55°C 120 8400 WP 
to +125°C .150 6700 WR 
Z5U +22 to —-56% Max 180 9600 WS 
Cap change from .220 4600 WT 
Tolerance Code: +10°C to +85°C 27 3700 WU 
J + 5% (COG Only) oo pcan WX 
K + 10% (COG and X7R) AT 2200 WY 
M + 20% (X7R and Z5U) 56 1800 XA 
P +100/—0% (Z5u) Code Space Dia Length Form 68 1500 XB 
- Z +80/—20% (Z5U) TP .100" .020" Ho-18MM _ Tape & Reel Outside Kink 82 1200  xC 
TR .200" .020" Ho-16MM _ Tape & Reel Outside Kink 1.0 1000 XD 
TT .200" .020" Ho-18MM _ Tape & Reel Straight Lead 1.5 670 XE 
VA .100" 016" 1.00" Bulk Straight Lead 92 460 XP 
VB .100" 020" = 1.00" Bulk Straight Lead 27 370 XG 
VC .200" 020" = 1.00" Bulk Straight Lead 3.3 310 XH 
VD .250" 020" ~—_ 1.00" Bulk Straight Lead 4.7 220 XJ 
VE .300" 020" = 1.00" Bulk Straight Lead 56 180 XK 
VF 375" 020" =‘ 1.00" Bulk Straight Lead 6.8 150 XL 
VG Byes a 025" ~=1.00" Bulk Straight Lead 120 
VH .400" 025" = 1.00" Bulk Straight Lead 100 
VJ .100" 016" = 1.00" Bulk Outside Kink 
VK .100" 020" 1.00" Bulk Outside Kink 
VL .200" 020" 1.00" Bulk Outside Kink 
Bulk Outside Kink 


Note: 1 Inch = 25.4 mm 


Note: Above Numbering System is for STANDARD PRODUCT. 
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SERIES K 


Mono-Kap® COG, X7R, Y5V and Z5U, 50VDC, 100VDC and 
200VDC, Multilayer Capacitors 


MONO-KAP VALUES BY SIZE, VOLTAGE AND CERAMIC: 
COG TOL 5%, 10% X7R TOL 10%, 20% Z5U TOL 20%, 80/20% 


SIZE VOLTAGE ‘MIN/MAX VAL. MIN/MAX VAL. MIN/MAX VAL. 
50V 10/470PF 100PF/.027MFD 01/.047MFD 
15 100V 10/390PF 100PF/.012MFD (01/.022MFD 
200V" 10/180PF 100PF/2700MFD ~ 
© 50V 560/3300PF 033/.18MFD 056/.33MFD 
P 20 100V 470/2700PF 012/.10MFD (027/.18MFD 
S 200V" 220/1500PF 0033/.022MFD 
~% 50V '0039/.15MFD 22/.82MFD 39/1.5MFD 
Q 30 100V 0033/.012MFD 12/.47MFD 22/.82MFD 
'?) 200V" 0018/.0068MFD 027/.12MED 
2 50V '018/.039MFD 1.0/2.2MFD 1.8/4.7MED 
9 40 100V 015/.039MFD 56/1. 5MED 1.0/2.7MFD 
Qo 200V" 0082/.022MFDF 22/.33MFD 
e 50V '047/.082MFD 2.7/4.7MFD 5.6/10.0MFD 
S50 100V 047/.068MFD 1.8/2.2MFD 3.3/5.6MFD 
% 200V" 027/.047MED 47/.68MED 


*Contact your factory representative for further information. 


STANDARD MARKING: 
CAPACITANCE VALUE: 


10pF through 99pF: actual value in pF (plus tol- 
erance code) 


100pF and above: coded cap. value, same as 
used in P/N on the Spec. 


TOLERANCE CODE: 

Standard EIA Tolerance Code. 
VOLTAGE: 

1 = 100VDC, 2 = 200VDC, 5 = 50VDC 
MATERIAL CODE (EIA TC CODE): 

A = COG, C = X7R, E = Z5U, Y = Y5V 


*Note: 15 Size marked with Coded Capacitance Value ONLY 


SIZE CHART: 

Size Code W (Max.)  H (Max.) Thickness (Max.) 
19 .150 .150 .100 

20 .200 .200 125 

30 300 300 150 

40 .400 400 150 

50 .500 .500 .200 


Note: 1 inch = 25.4 mm 
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MONOKAP TAPE & REEL 


RADIAL TAPE AND REEL 
MECHANICAL P/N CODES: 

AWG/ P/N 
Size Spacing Wire Dia Fig Code (MM) Dim. 
15 5MM(.200) 24/020 A TT 17/19:5':" H 
15. 2.5MM(.100) 24/020 D TP 16+/-.5 Ho 
20 5MM(.200) 24/020 OD TR 16+/-5 . He 
20 5MM(.200) 24/020 A TT 17/195 4H 
20 2.5MM(.100) 24/020 D ™  16+/-5 Ho 
30 5MM(.200) 24/020 OD TR 16+/-5 Ho 
30 5MM(.200) 24/020. +B TT 17/195 = a 
40 5MM(.200) 24/020 C TT 17/195 4H 


Inside Kink also available in 5mm (.200) spacing; consult factory. 


H/Ho is the dimension from the 
centerline of the sprocket hole in the 
tape to the inserted seating plane 


Straight 


FIG. B 
Straight 


MONO KAP® TAPE & REEL 


Body Dimensions (MK) Lx W 11.0 x 11.0 Max 43 x .43ref 
Body Thickness T 4.0 Max .157ref 

Wire Lead Dia. d 0.5+0.06/—0.05 #24 AWG CCS 
Taping Pitch P 12.7 Ref .500ref 

Feed Hole Pitch (Note 1) Po 12.7+0.3 (Note) .500ref 

Feed Hole Off Alignment P1/P2 3.85+0.7/6.35+1.3 .15ref/.25ref 
Lead Spacing F 5.0+0.8/—0.2 (or 2.54) .197ref (.100) 
Body Inclination h 0+1.0 0+.039ref 
Carrier Tape Width W 18.0+1.0/—0.5 ./09ref 
Adhesive Tape Width Wo 13.0 Ref 51 2ref 

Feed Hole Ht off Alignment Ww1 9.0+0.75/—0.5 .354ref 
Adhesive Tape Margin W2 3.0+3.0 .118ref 
Straight Lead Height H 17.0Min./19.5Max .67/.76ref 
Lead Crimp Height Ho 16.0+0.5 .63ref 

Top of Component Height H1 23.0Min/32.25Max .91/1.27ref 
Clean, Parallel Lead Length H2 6.0ref .236ref 

Lead End Protusion | 2.0 Max .078ref 

Feed Hole Diameter Do 4.0+0.3 .157ref 
Overall Tape Thickness t 0.9 Max .035ref 
Rejected Component Cut Height L 10.0Max 394ref 


Straight 


FIG. D 
Outside Kink 


Note: 1: Cumulative pitch tolerance over 
20 consecutive units not to 
exceed +1.0mm. 

2: Dimensions meet requirements 
defined in EIA RS468. 

3: “H2” defines the useable portion 
of the lead for insertion equipment 
purposes; the leads in this area 
to be straight and parallel. They 
shall be @ 90° +3° to the top 
edge of the carrier tape and shall 
also be parallel to each other to 
within 3° 
Deformation, if any, shall not 
exceed 3° 
H2 is the straight lead portion of 
any formed wire and the ‘Free 
of coating” area of any non- 
formed wire. 


Note: 1 Inch = 25.4 mm 
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SERIES K 


Mono-Kap® COG, X7R, Y5V and Z5U, 50VDC, 100VDC and 
200VDC, Multilayer Capacitors 


BULK MONO-KAP MECHANICAL P/N CODES. ELECTRICAL P/N CODES FOR ALL 
Size Spacing fc. Mee Cs -miiaaa PRODUCTS om 
15 .100 .016 1 VA Value Min IR P/N Value Min IR P/N 
15 100 020 i VB In uF In MO Code In pF In MO Code 
15 200 020 9 VC >=.01 100000 WA 27 ~=— 3700 WU 
15 100 016 5 VJ 012 84000 WB 33 3100 WwW 
15 100 020 5 VK 015 67000 WC 39 2600 WX 
20 .100 020 1 VB 018 56000 WD 47 2200 WY 
20 .200 020 2 VC 022 46000 WE 56 1800 XA 
20 .250 020 3 VD 027 37000 WF .68 1500 XB 
20 300 020 3 VE 033 31000 WG 82 1200 XC 
20 375 020 3 VE 039 26000 WH 1.0 1000 XD 
20 875 025 3 VG 0047. 22000 WJ 1.5 670 XE 
20 .100 020 5 VK 056 18000 WK 2.2 460 XF 
20 .200 020 5 VL 068 15000 WL 2.7 370 XG 
30 .200 020 1 VC 082 12000 WM 3.3 310 XH 
30 .300 020 4 VE 100 10000 WN 4.7 220 XJ 
30 375 020 3 VF .120 8400 WP 5.6 180 XK 
30 875 025 3 VG .150 6700 WR 6.8 150 XL 
30 .200 020 5 VL .180 5600 WS 8.2 120 XM 
40 200 020 4 VC .220 4600 WT 10 100 XN 
40 .400 025 1 VH 
40 .200 .020 5 VL 
50 .400 025 1 VH 
50 .400 025 5 VM 


Note: 1 Inch = 25.4mm 


| = ee 


T 
ne 


| 
H 
ie 


| __¢ _| 
{—x 


Straight 4. 
| ! Band Straight : iL Straight LW i. 
ts {___g____} | $—_} t—S— ts 
Fig 1M = 062MAX Fig 2 Fig 3 Fig 4 Fig 5 SH = 


: : (H Max + .125) Max 
For Fig 2, 3, 4, & 5, the meniscus (rundown) 


will terminate a minimum of .015" above the Seat- Fig 2,3 & 4 SH = (H Max + .100) Max 


ing Plane (as formed by the wire preform). .187+.031 recommended as Leadlength below 


Standard Leadlength for Mono-Kap is 1.00" Min. Seating Plane as formed by either wire form or 
Cut lead versions available upon request. part bottom. 
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SERIES K 


Mono-Kap® COG, X7R, Y5V and Z5U, 50VDC, 100VDC and 
200VDC, Multilayer Capacitors 


STANDARD STOCK LISTING* 


NEW DIST. CAP SIZE LEAD 
CAP. _ PART NUMBER PART NUMBER __ TOL. CODE SPACE 
50 Volt DCW COG (NPO 

10 pf_ _ K100J15COGFVAWA _CN15C100J +5% 15 100” 
10 pf K100K15COGFVAWA_ CN15C100K + 10% 15 100” 
12 pf K120J15COGFVAWA_ CN15C120J +5% 15 100” 
12 pf K120K15COGFVAWA_ CN15C120K + 10% 15 100” 
15 pf _K150J15COGFVAWA CN15C150J +5% 15 100” 
15 pf | K150K15COGFVAWA CN15C150K + 10% 15 100” 
18 pf _K180J15COGFVAWA CN15C180J +5% 15 100” 
18 pf _K180K15COGFVAWA_ CN15C180K + 10% 15 100” 
22 pf _ K220J15COGFVAWA_ CN15C220J +5% 15 100” 
22 pf __ K220K15COGFVAWA_ CN15C220K + 10% 15 100” 
27 pf __ K270J15COGFVAWA __CN15C270J +5% 15 100” 
27 pf _ K270K15COGFVAWA _ CN15C270K + 10% 15 100” 
33 pf __ K330J15COGFVAWA CN15C330J +5% 15 100” 
33 pf __ K330K15COGFVAWA _CN15C330K + 10% 15 100” 
39 pf __ K390J15COGFVAWA CN15C390J +5% 15 100” 
39 pf _ K390K15COGFVAWA CN15C390K + 10% 15 100” 
47 pf _ K470J15COGFVAWA CN15C470J +5% 15 100” 
47 pf _ K470K15COGFVAWA CN15C470K + 10% 15 100” 
56 pf _ K560J15COGFVAWA CN15C560J +5% 15 100” 
56 pf K560K1SCOGFVAWA_CN15C560K + 10% 15 100” 
68 pf __ K680J15COGFVAWA CN15C680J +5% 15 100” 
68 pf __K680K15COGFVAWA CN15C680K + 10% 15 100” 
82 pf _ K820J15COGFVAWA _CN15C820J +5% 15 100” 
82 pf __ K820K15COGFVAWA _CN15C820K + 10% 15 100” 
100 pf _K101J15COGFVAWA CN15C101J +5% 15 100” 
100 pf K101K1SCOGFVAWA CN15C101K + 10% 15 100” 
120 pf K121J15COGFVAWA CN15C121J +5% 15 100” 
120 pf _K121K1S5COGFVAWA CN15C121K + 10% 15 100” 
150 pf _K151J15COGFVAWA_ CN15C151J +5% 15 100” 
150 pf _K151K1S5COGFVAWA CN15C151K + 10% 15 100” 
180 pf _K181J15COGFVAWA CN15C181J +5% 15 100” 
180 pf _K181K15COGFVAWA CN15C181K + 10% 15 100” 
220 pf K221J15COGFVAWA CN15C221J +5% 15 100” 
220 pf K221K1S5COGFVAWA CN15C221K + 10% 15 100” 
270 pf _K271J15COGFVAWA CN15C271J +5% 15 100” 


*NOTE: Part Numbers in stock listing reflect bulk packaging. Change packaging code in part number for 
tape and reel packaging. 
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SERIES K 


Mono-Kap® COG, X7R, Y5V and Z5U, 50VDC, 100VDC and 
200VDC, Multilayer Capacitors 


STANDARD STOCK LISTING 
NEW DIST. CAP. SIZE LEAD 
CAP. PART NUMBER PART NUMBER TOL. CODE SPACE 
50 Volt DCW COG (NPO) 
270 pf K271K15COGFVAWA CN15C271K +10% 15 100" 
e) 330 pf K3831J15COGFVAWA CN15C331J +5% 15 .100" 
2 330 pf K331K1S5SCOGFVAWA CN15C331K +10% To .100" 
& 390 pf K391J15COGFVAWA CN15C391J +5% 15 100" 
3 390 pf K391K15COGFVAWA CN15C391K +10% 15 .100" 
° 470 pf K471J15COGFVAWA CN15C471J +5% 15 .100" 
'?) 470 pf K471K15COGFVAWA CN15C471K +10% 15 .100" 
ut) 560 pf K561J20COGFVBWA +5% 20 .100" 
3 560 pf K561K20COGFVBWA +10% 20 .100" 
© 680 pf K681J20COGFVBWA CN20C681J +5% 20 .100" 
ri 680 pf K681K20COGFVBWA CN20C681K +10% 20 .100" 
SY 820 pf K821J20COGFVBWA CN20C821J +5% 20 100" 
w 001 uf K102J20COGFVBWA CN20C102J +5% 20 .100" 
001 uf + K1O02K20COGFVBWA CN20C102K £10% 20 .100" 
0012 uf K122K20COGFVBWA CN20C122K +10% 20 .100" 
0015 uf K152J20COGFVBWA CN20C152J +5% 20 .100" 
0015 uf K152K20COGFVBWA CN20C152K +10% 20 .100" 
0018 uf K182J20COGFVBWA CN20C182J +5% 20 .100" 
0018 uf K182K20COGFVBWA CN20C182K +10% 20 .100" 
0022 uf K222J20COGFVBWA CN20C222J +5% 20 .100" 
0022 uf K222K20COGFVBWA CN20C222K +10% 20 .100" 
0027 uf K272K20COGFVBWA CN20C272K +10% 20 100" 
0033 uf K332J20COGFVBWA CN20C332J +5% 20 .100" 
.0033 uf K332K20COGFVBWA CN20C332K +10% 20 .100" 
0039 pf K392J30COGFVCWA CN30C392J +5% 30 .200" 
0047 uf K472J30COGFVCWA CN30C472J +5% 30 .200" 
0047 uf K472K30COGFVCWA CN30C472K +10% 30 .200" 
0056 uf KS562K30COGFVCWA CN30C562K +10% 30 .200" 
0068 uf K682J30COGFVCWA CN30C682J +5% 30 200” 
.0068 uf K682K30COGFVCWA CN30C682K +10% 30 .200" 
0082 pf K822K30COGFVCWA CN30C822K +10% 30 .200" 
.01 uf K103J30COGFVCWA CN30C103J ‘eSNG 30 .200" 
.01 uf K103K30COGFVCWA CN30C103K +10% 30 .200" 
015 uf Ki538J40COGFVCWC CN40C153J +5% 40 .200" 
022 uf K223J40COGFVCWE CN40C223J +5% 40 .200" 
100 Voit DCW COG (NPO) 
10 pf K100J15COGHVAWA CN15A100J 5% 15 .100" 
10 pf K100K15COGHVAWA CN15A100K +10% 19 100" 
12 pf K120J15COGHVAWA CN15A120J +5% 15 .100" 
12 pf K120K15COGHVAWA CN15A120K +10% 19 AO0O" 
15 pf K150J15COGHVAWA CN15A150J +5% 15 .100" 
15 pf K150K15COGHVAWA CN15A150K +10% 15 .100" 
18 pf K180J15COGHVAWA CN15A180J +5% 15 .100" 
18 pf K180K15COGHVAWA CN15A180K +10% 15 .100" 
22 pf K220J15COGHVAWA CN15A220J +5% 15 .100" 
22 pf K220K15COGHVAWA CN15A220K +10% 15 .100" 
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SERIES K 


Mono-Kap® COG, X7R, Y5V and Z5U, 50VDC, 100VDC and 
~  200VDC, Multilayer Capacitors 


STANDARD STOCK LISTING 

NEW DIST. CAP. SIZE LEAD 
CAP. PART NUMBER PART NUMBER TOL. CODE SPACE 
100 Volt DCW COG (NPO) 
27 pf K270J15COGHVAWA CN15A270J +5% 15 .100" 
27 pf K270K15COGHVAWA CN15A270K +10% 15 .100" e) 
33 pf K330J15COGHVAWA CN15A330J +5% 15 .100" ) 
33 pf K330K15COGHVAWA CN15A330K +10% 15 .100" a 
39 pf K390J15COGHVAWA + CN15A390J +5% 15 100" = 
39 pf K390K15COGHVAWA CN15A390K +10% 15 100" ~r 
47 pf K470J15COGHVAWA CN15A470J +5% 15 .100" © 
47 pf K470K15COGHVAWA CN15A470K +10% 15 .100" © 
06 pf KS60J15COGHVAWA CN15A560J +5% 15 .100" x) 
56 pf KS60K15COGHVAWA CN15A560K +10% 15 :1Q0" a 
68 pf K680J15SCOGHVAWA CN15A680J +5% 15 .100" QO. 
68 pf K680K15COGHVAWA CN15A680K +10% 15 .100" S 
82 pf K820J15COGHVAWA CN15A820J +5% 15 .100" P 
82 pf K820K15COGHVAWA CN15A820K +10% 15 .100" 
100 pf K101J15COGHVAWA CN15A101J +5% 15 .100" 
100 pf K101KiSCOGHVAWA CN15A101K +10% 15 .100" 
120 pf K121J15COGHVAWA CN15A121J +5% 15 .100" 
120 pf K121KiSCOGHVAWA CN15A121K +10% 15 100" 
150 pf K151J15COGHVAWA CN15A151J +5% 15 100" 
150 pf K151K1SCOGHVAWA CN15A151K +10% 15 100" 
180 pf K181J15COGHVAWA CN15A181J +5% 15 .100" 
180 pf K181K1S5COGHVAWA CN15A181K +10% 15 .100" 
220 pf K221J15COGHVAWA CN15A221J +5% 15 .100" 
220 pf K221KiS5COGHVAWA CN15A221K +10% 15 .100" 
270 pf K271J15COGHVAWA CN20A271J +5% 15 100" 
270 pf K271Ki15COGHVAWA CN20A271K +10% 15 .100" 
330 pf K331J15COGHVAWA CN20A331J +5% 15 100" 
330 pf K331K15COGHVAWA CN20A331K +10% 15 100" 
390 pf K391J15COGHVAWA CN20A391J +5% 15 100" 
390 pf K391K15COGHVAWA CN20A391K +10% 15 .100" 
470 pf K471J20COGHVBWA CN20A471J +5% 20 .100" 
470 pf K471K20COGHVBWA CN20A471K +10% 6-20 100" 
960 pf K561J20COGHVBWA CN20A561J +5% 20 100" 
960 pf K561K20COGHVBWA CN20A561K +10% 20 .100" 
680 pf K681J20COGHVBWA CN20A681J +£5% 20 .100" 
680 pf K681K20COGHVBWA CN20A681K +10% 20 100" 
820 pf K821J20COGHVBWA CN20A821J 5% - 20 100" 
820 pf K821K20COGHVBWA CN20A821K +10% 20 .100" 
001 uf K102J20COGHVBWA CN20A102J +5% 20 .100" 
001 uf K102K20COGHVBWA CN20A102K +10% 20 100" 
0012 pf K122J20COGHVBWA CN20A122J +5% 20 .100" 
0015 uf K152J20COGHVBWA CN20A152J +5% 20 -100" 
0015 uf K152K20COGHVBWA CN20A152K +10% 20 .100" 
0018 uf K182J30COGHVCWA CN30A182J +5% 30 .200" 
0018 uf K282K30COGHVCWA CN30A182K +10% 30 .200" 
0022 uf K222J30COGHVCWA CN30A222J +5% 30 .200" 
0022 uf K222K30COGHVCWA CN30A222K +10% 30 .200" 
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SERIES K 


Mono-Kap® COG, X7R, Y5V and Z5U, 50VDC, 100VDC and 


200VDC, Multilayer Capacitors 
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STANDARD STOCK LISTING 

NEW DIST. CAP. SIZE LEAD 
CAP. PART NUMBER PART NUMBER TOL CODE SPACE 
100 Volt DCW COG (NPO) 7 
0027 uf K272J30COGHVCWA CN30A272J +5% 30 .200" 
0027 uf K272K30COGHVCWA CN30A272K +10% 30 .200" 
.0033 pf K332J30COGHVCWA CN30A332J +5% 30 .200" 
.0033 uf K332K30COGHVCWA CN30A332K +10% 30 .200" 
0039 pf K392J30COGHVCWA CN30A392J 5% 30 .200" 
0047 uf K472J30COGHVCWA CN30A472J +5% 30 .200" 
0047 uf K472K30COGHVCWA CN30A472K +10% 30 .200" 
.0068 uf K682J30COGHVCWA CN30A682J +5% 30 .200" 
01 uf K103J40COGHVCWA CN40A103J +5% 40 .200" 
01 uf K103K40COGHVCWA CN40A103K +10% 40 .200" 
50 Volt DCW X7R 
150 pf K151K15X7RFVAWA CW15C151K +10% pls) 100" 
180 pf K181K15X7RFVAWA CW15C181K +10% 15 100" 
180 pf K181M15X7RFVAWA CW15C181M +20% 15 100" 
220 pf K221K15X7RFVAWA CW15C221K +10% 15 .100" 
270 pf K271K15X7RFVAWA CW15C271K +10% 15 100" 
270 pf K271M15X7RFVAWA CW15C271M +20% 15 100" 
330 pf K331K15X7RFVAWA CW15C331K +10% 15 .100" 
330 pf K331M15X7RFVAWA CW15C331M +20% 15 .100" 
390 pf K391K15X7RFVAWA CW15C391K +10% 15 .100"° 
390 pf K391M15X7RFVAWA CW15C391M +20% 15 .100" 
470 pf K471K15X7RFVAWA — CW15C471K +10% 15 .100" 
470 pf K471M15X7RFVAWA CW15C471M +20% 15 .100" 
560 pf K561K15X7RFVAWA CW15C561K +10% 15 .100" 
680 pf K681K15X7RFVAWA CW15C681K +10% 15 .100" 
680 pf K681M15X7RFVAWA CW15C681M +20% 15 .100" 
820 pf K821K15X7RFVAWA CW15C821K +10% 15 100" 
820 pf K821M15X7RFVAWA CW15C321M +20% 15 100" 
001 uf K102K15X7RFVAWA CW15C102K +10% 15 .100" 
001 pf }=K102K15X7RFTTWA - +10% T&R 15 .200" 
001 pf }=K102M15X7RFVAWA CW15C102M +20% 15 .100" 
001 uf =K102M15X7RFTTWA - +20% T&R 15 .200" 
0012 uf K122K15X7RFVAWA CW15C122K +10% 15 .100" 
0015 uf K152K15SX7RFVAWA CW15C152K +10% 15 .100" 
.0018 pf K182K15X7RFVAWA CW15C182K +10% 15 -100" 
0022 uf K222K15X7RFVAWA CW15C222K +10% 15 .100" 
0022 uf K222M15X7RFVAWA CW15C222M +20% 15 100" 
0027 wf K272K15X7RFVAWA CW15C272K +10% 15° .100" 
0027 uf K272M15X7RFVAWA CW15C272M +20% 15 .100" 
.0033 pf K3832K15X7RFVAWA CW15C332K +10% 15 100" 
.0033 uf K332M15X7RFVAWA CW15C332M +20% 15 .100" 
0039 uf K392K15X7RFVAWA CW15C392K +10% 15 .100" 
0047 uf K472K15X7RFVAWA CW15C472K =10% 15 .100" 
0047 pf K472M15X7RFVAWA CW15C472M +20% 15 .100" 
0056 pf K562K15X7RFVAWA CW15C562K +10% 15 .100" 
.0056 uf K562M15X7RFVAWA CW15C562M +20% 15 .100" 
.0068 uf K682K15X7RFVAWA CW15C682K = 10% 15 .100" 
0068 uf K682M15X7RFVAWA CW15C682M +20% 15 100" 


SERIES K 


Mono-Kap® COG, X7R, Y5V and Z5U, 50VDC, 100VDC and 
200VDC, Multilayer Capacitors 


STANDARD STOCK LISTING 

NEW DIST. CAP. SIZE LEAD 
CAP. _ PART NUMBER PART NUMBER TOL. CODE SPACE 
50 Volt DCW X7R 
0082 uf K822K15X7RFVAWA CW15C822K +10% 15 .100" 
0082 uf K822M15X7RFVAWA CW15C822M +20% 15 .100" gS 
01 uf K103K15X7RFVAWA CW15C103K +10% 15 .100" 2 
01 uf K103K15X7RFVCWA CW20C103K244 +10% 15 .200" % 
01 pf K103K15X7RFTTWA _ +10% T&R 15 .200" “ 
01 uf K103M15X7RFVAWA CW15C103M +20% 15 100" So 
01 uf K103M15X7RFVCWA CW20C103M244 +20% 15 .200" g 
.01 uf K103M15X7RFTTWA _ +10% T&R 15 .200" 9g) 
015 uf = K153K15X7RFVAWC CW15C153K +10% 15 .100" S 
015 uf K153M15X7RFVAWC CW15C153M +20% 15 .100" » 
018 uf K183K15X7RFVBWD CW20C183K +10% 19 -100" ~t 
018 uf }=K183M15X7RFVBWD CW20C183M +20% 15 100" ) 
022 uf K223K15X7RFVBWE CW20C223K +10% 15 .100" P. 
022 uf K223K15X7RFVCWE CW20C223K244 +10% 15 .200" 
022 uf =K223K15X7RFTTWE - +10% T&R 15 .200" 
022 uf }=K223M15X7RFVBWE CW20C223M +20% 15 .100" 
022 uf }=K223M15X7RFVCWE CW20C223M244 +20% 15 -.200" 
022 uf }=K823M15X7RFTTWE —- +10% T&R 15 .200" 
027 uf }=K273K15X7RFVBWF CW20C273K +10% 15 -100" 
.033 pf K3833K20X7RFVBWG CW20C333K +10% 20 .100" 
.033 yf K333M20X7RFVBWG CW20C333M +20% 20 .100" 
.039 uf = K393K20X7RFVBWH CW20C393K +10% 20 .100" 
047 uf }=K473K20X7RFVBWJ CW20C473K +10% 20 .100" 
047 wf }=K473K20X7RFVCWJS CW20C473K244 +10% 20 .200" 
047 wf }§=K473K20X7RFTTWJ — +10% T&R 20 .200" 
047 pf }=K473M20X7RFVBWJ CW20C473M +20% 20 .100" 
047 uf =K473M20X7RFVCWJ CW20C473M244 +20% 20 .200" 
047 uf }=K473M20X7RFTTWJ _ +20% T&R 20 .200" 
056 pf K563K20X7RFVBWK CW20C563K +10% 20 .100" 
056 uf }=K563M20X7RFVBWK CW20C563M +20% 20 100" 
.068 uf =K683K20X7RFVBWL CW20C683K +10% 20 .100" 
068 pf + K683M20X7RFVBWL CW20C683M +20% 20 .100" 
082 uf K823K20X7RFVBWM CW20C823K +10% 20 .100" 
10 uf K104K20X7RFVBWN CW20C104K +10% 20 .100" 
10 uf K104K20X7RFVCWN CW20C104K244 +10% 20 .200" 
10 uf K104K20X7RFTTWN - +10% T&R 20 .200" 
10 uf K104K20X7RFVCWN CW30C104K +10% 20 .200" 
10 uf K104M20X7RFVBWN CW20C104M +20% 20 .100" 
10 uf K104M20X7RFVCWN CW20C104M244 +20% : 20 .200" 
10 uf K104M20X7RFTTWN — +20% T&R 20 200" 
10 uf K104M20X7RFVCWN CW30C104M +20% 20 .200" 
12 uf K124K20X7RFVCWP CW30C124K +10% 20 .200" 
12 uf K124M20X7RFVCWP CW30C124M +20% 20 .200" 
5 K154K30X7RFVCWR CW30C154K +10% 30 .200" 
15 uf K154M30X7RFVCWR CW30C154M +20% 30 .200" 
18 uf K184K30X7RFVCWS CW30C184K +10% 30 .200" 
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SERIES K 


Mono-Kap® COG, X7R, Y5V and Z5U, 50VDC, 100VDC and 
200VDC, Multilayer Capacitors 


STANDARD STOCK LISTING 
NEW DIST. CAP. SIZE LEAD 
CAP. PART NUMBER PART NUMBER TOL. CODE SPACE 
50 Volt DCW X7R 
18 pf K184M30X7RFVCWS CW30C184M +20% 30 .200" 
22 pf K224K30X7RFVCWT CW30C224K +10% 30 .200" 
© 22 pf K224M30X7RFVCWT CW30C224M +20% 30 .200" 
De 27 uf K274K30X7RFVCWU CW30C274K +10% 30 .200" 
: O/T ut K274M30X7RFVCWU CW30C274M +20% 30 .200" 
~~ O38 pf K334K30X7RFVCWW CW30C334K +10% 30 .200" 
e) 33 pf K334M30X7RFVCWW CW30C334M +20% 30 .200" 
LS 39 pf K394K30X7RFVCWX CW40C394K +10% 30 .200" 
2 AT uf _K474K30X7RFVCWY CW40C474K +10% 30 200" 
TY 47 uf K474M30X7RFVCWY CW40C474M +20% 30 .200" 
yr) 56 uf K564M40X7RFVCXA CW40C564M +20% 40 .200" 
=f .68 uf K684K40X7RFVCXB CW40C684K +10% 40 .200" 
S 82 pf K824M40X7RFVHXC CW50C824M +20% 40 .400" » 
a) 1.0 uf K105K40X7RFVHXD CW50C105K +10% 40 .400" 
1.0 uf K105M40X7RFVHXD CW50C105M +20% 40 .400" 
100 Volt DCW X7R 
150 pf K151K15X7RHVAWA CW15A151K +10% 15 .100" 
150 pf K151M15X7RHVAWA CW15A151M +20% 15 .100" 
180 pf K181K15X7RHVAWA CW15A181K +10% 15 .100" 
220 pf K221K15X7RHVAWA CW15A221K +10% 15 .100" 
220 pf K221M15X7RHVAWA CW15A221M +20% 15 .100" 
270 pf K271K15X7RHVAWA CW15A271K +10% 15 .100" 
330 pf K3831K15X7RHVAWA CW15A331K +10% 15 .100" 
330 pf K3831M15X7RHVAWA CW15A331M +20% 15 ~ 100" 
390 pf K3891K15X7RHVAWA CW15A391K +10% 15 .100" 
390 pf K3891M15X7RHVAWA CW15A391M +20% 15 .100" 
470 pf K471K15X7RHVAWA CW15A471K +10% 15 .100" 
470 pf K471M15X7RHVAWA CW15A471M +20% 15 .100" 
560 pf K561K15X7RHVAWA CW15A561K +10% 15 .100" 
560 pf K561M15X7RHVAWA CW15A561M +20% 15 .100" 
680 pf K681K15X7RHVAWA CW15A681K +10% 15 .100" 
820 pf K821K15X7RHVAWA CW15A821K +10% 15 .100" 
001 pf =K102K15X7RHVAWA CW15A102K +10% 15 100" 
001 pf ~=K102M15X7RHVAWA CW15A102M +20% 15 100" 
0012 uf K122K15X7RHVAWA CW15A122K +10% 15 100" 
0012 uf K122M15X7RHVAWA CW15A122M +20% 15 .100" 
.0015 uf K152K15X7RHVAWA CW15A152K +10% 15 .100" 
.0018 uf K182K15X7RHVAWA CW15A182K +10% 15 .100" 
0022 uf K222K15X7RHVAWA CW15A222K +10% TS .100" 
0022 uf K222M15X7RHVAWA CW15A222M +20% 15 .100" 
0027 uf K272K15X7RHVAWA CW15A272K +10% 15 .100" 
.0033 uf K332K15X7RHVAWA CW15A332K +10% 15 .100" 
.0033 uf K332M15X7RHVAWA CW15A332M +20% 15 .100" 
.0039 uf KS392K15X7RHVAWA CW15A392K +10% 15 .100" 
0047 uf K472K15X7RHVAWA CW15A472K +10% 15 100" 
0047 uf K472M15X7RHVAWA CW15A472M +20% 15 100" 
0056 uf K562K15X7RHVAWA CW15A562K +10% 15 100" 
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SERIES K 


Mono-Kap® COG, X7R, Y5V and Z5U, 50VDC, 100VDC and 
200VDC, Multilayer Capacitors 


STANDARD STOCK LISTING 

NEW DIST. CAP SIZE LEAD 
CAP. PART NUMBER PART NUMBER TOL. CODE SPACE 
100 Volt DCW X7R 
.0068 uf K682K15X7RHVBWA CW20A682K +10% 15 .100" 
0068 uf K682M15X7RHVBWA CW20A682M +20% 15 .100" 
0082 uf K822K15X7RHVBWA CW20A822K +10% 15 .100" © 
01 uf K103K15X7RHVBWA CW20A103K +10% 15 100" pa | 
.01 uf K103K15X7RHVCWA CW20A103K244 +10% 15 .200" ~ 
.01 uf K103M15X7RHVBWA CW20A103M +20% 15 .100" 3 
01 uf K103M15X7RHVCWA CW20A103M244 +20% 15 .200" ©) 
012 uf }=K123K15X7RHVBWB CW20A123K +10% 15 400" 2) 
015 uf K153K20X7RHVBWC CW20A153K +10% 20 .100" 2 
015 uf K153M20X7RHVBWC CW20A153M +20% 20 .100" gy 
.018 uf K183K20X7RHVBWD CW20A183K +10% 20 .100" © 
022 uf K223K20X7RHVBWE CW20A223K +10% 20 .100" ee 
022 uf K223K20X7RHVCWE CW20A223K244 +10% 20 .200" S 
022 uf K223M20X7RHVBWE CW20A223M +20% 20 .100" 4 
022 uf K223M20X7RHVCWE CW20A223M244 +20% 20 .200" 
027 uf }=K273K20X7RHVBWF CW20A273K +10% 20 .100" 
027 uf }==K273M20X7RHVBWF CW20A273M +20% 20 .100" 
.033 uf =K3833K20X7RHVCWG CW30A333K +£10% 20 .200" 
.033 uf =K833M20X7RHVCWG CW30A333M +20% 20 .200" 
.039 pf =K3893M20X7RHVCWH CW30A393M +20% 20 .200" 
047 uf =K473K20X7RHVCWJ CW20A473K244 +10% 20 .200" 
047 uf ©=K473M20X7RHVCWJ CW20A473M244 +20% 20 200" 
056 uf KS563K20X7RHVCWK CW30A563K +10% 20 .200" 
068 pf K683K20X7RHVCWL CW30A683K +10% 20 .200" 
.068 uf K683M20X7RHVCWL CW30A683M +20% 20 200" 
082 uf K823M20X7RHVCWM CW30A823M +20% 20 200" 
10 uf K104K20X7RHVCWN CW30A104K +10% 20 .200" 
10 uf K104K20X7RHTTWN ~ +10% T&R 20 .200" 
10 uf K104M20X7RHVCWN CW30A104M +20% 20 .200" 
12 uf K124K30X7RHVCWP CW30A124K +10% 30 .200" 
12 uf K124M30X7RHVCWP CW30A124M +20% 30 .200" 
22 uf K224K30X7RHVCWT CW40A224K +10% 30 .200" 
22 uf K224M30X7RHVCWT CW40A224M +20% 30 .200" 
33 yf K334K30X7RHVCWW CW40A334K +10% 30 .200" 
.39 yf K394K50X7RHVHWX CW50A394K +10% : 50 400" 
AT uf K474KS0X7RHVHWY CW50A474K +10% 50 400" 
47 uf K474M50X7RHVHWY CW50A474M +20% 50 400" 
56 pf KS564K50X7RHVHXA CWS50A564K +10% 50 400" 
56 uf KS64MS50X7RHVHXA CW50A564M +20% 50 -400" 
50 Volt DCW Y5V 
270 pf K271Z15Y5VFVAWA CY15C271Z +80-20% 15 .100" 
330 pf K331Z15Y5VFVAWA CY15C331Z +80-20% 15 .100" 
390 pf K391Z15Y5VFVAWA CY15C391Z +80-20% 15 .100" 
680 pf K681Z15Y5VFVAWA CY15C681Z +80-20% 15 .100" 
001 uf = K1IO2M1IS5Y5VFVAWA CY15C102M +20% 15 .100" 
0015 uf K152Z15Y5VFVAWA CY15C152Z +80-20% 15 .100" 
0018 uf K182Z15Y5VFVAWA CY15C182Z +80-20% 15 .100" 
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SERIES K 


Mono-Kap® COG, X7R, Y5V and Z5U, 50VDC, 100VDC and 
200VDC, Multilayer Capacitors 


STANDARD STOCK LISTING 
NEW DIST. CAP. SIZE LEAD 
CAP. PART NUMBER PART NUMBER TOL. CODE SPACE 
50 Volt DCW Y5V 
0022 uf K222M15Y5VFVAWA CY15C222M +20% 15 .100" 
0027 pf K272Z15Y5VFVAWA CY15C272Z +80-20% 15 .100" 
pe) 0033 uf K332M15Y5VFVAWA CY15C332M | +20% 15 .100" 
LW) .0039 uf K3892Z15Y5VFVAWA CY15C392Z +80-20% 15 .100" 
PB 0047 uf K472M15Y5VFVAWA CY15C472M +20% 45 .100" 
> 0056 uf K562Z15Y5VFVAWA CY15C562Z +80-20% 15 .100" 
ry .0068 uf K682M15Y5VFVAWA CY15C682M +20% 15 .100" 
01 uf K103M15Y5VFVAWA CY15C103M +20% 15 .100" 
o 01 uf K103M15Y5VFVCWA CY20C103M244 +20% 15 .200" 
3 01 uf K103P15Y5VFVAWA CY15C103P GMV 15 .100" 
& 01 uf K103Z15Y5VFVAWA CY15C103Z +80-20% 15 .400" 
~t 01 uf K103Z15Y5VFVCWA CY20C103Z244 +80-20% 15 .200" 
'~) 015 uf K153Z15Y5VFVAWC CY15C153Z +80-20% Le .100" 
Pr 0022 uf K223M15Y5VFVAWE CY15C223M +20% 19 .100" 
022 uf = K223Z15Y5VFVAWE CY15C223Z +80-20% 15 .100" 
022 uf }=K223Z15Y5VFVCWE CY20C223Z244 #+80-20% 15 .200" 
047 uf }=K473M20Y5VFVCWJ CY20C473M244 +20% 20 .200" 
056 uf = K563Z20Y5VFVBWK CY15C563Z +80-20% 20 .100" 
10 pf K104M20Y5VFVBWN CY20C104M +20% 20 .100" 
10 uf K104M20Y5VFVCWN CY20C104M244 +20% 20 .200" 
10 uf K104P20Y5VFVBWN CY20C104P GMV 20 .100" 
10 uf K104Z20Y5VFVBWN CY20C104Z +80-20% 20 .100" 
10 uf K104Z20Y5VFVCWN CY20C104Z244 +80-20% 20 .200" 
12 uf K124Z20Y5VFVBWP CY20C124Z +80-20% 20 .100" 
15 uf K154M20Y5VFVBWR CY20C154M +20% 20 .100" 
22 uf K224M20Y5VFVBWT CY20C224M +20% 20 .100" 
22 uf K224Z20Y5VFVCWT CY20C224Z244 #+80-20% 20 .200" 
27 uf K274Z30Y5VFVCWU — +80-20% 30 .200" 
47 uf K474Z30Y5VFVCWY ~ +80-20% 30 .200" 
.68 uf K684M30Y5VFVCXB CY30C684M +20% 30 .200" 
1.0 uf K1O5M30Y5VFVCXD CY30C105M +20% 30 .200" 
1.0 uf K105P30Y5VFVCXD CY30C105P GMV 30 .200" 
1.0 uf K105Z30Y5VFVCXD CY30C105Z +80-20% 30 .200" 
100 Volt DCW Y5V 
330 pf K331Z15Y5VHVAWA CY15A331Z +80-20% 15 .100" 
390 pf K391Z15Y5VHVAWA CY15A391Z +80-20% 15 .100" 
470 pf K471Z15Y5VHVAWA CY15A471Z +80-20% 15 .100" 
560 pf K561Z15Y5VHVAWA CY15A561Z +80-20% 15 .100" 
680 pf K681Z15Y5VHVAWA CY15A681Z +80-20% 15 .100" 
001 uf = K102Z15Y5VHVAWA CY15A102Z +80-20% 15 .100” 
0012 uf K122Z15Y5VHVAWA 3 CY15C122Z +80-20% 15 .100" 
0015 uf K152Z15Y5VHVAWA CY15A152Z +80-20% 15 .100" 
0018 uf K182Z15Y5VHVAWA CY15A182Z +80-20% 15 .100" 
0039 pf K392Z15Y5VHVAWA CY15A392Z +80-20% 15 .100" 
0047 uf K472Z15Y5VHVAWA = CY15A472Z +80-20% 15 .100" 
0056 uf K562Z15Y5VHVAWA CY15A562Z +80-20% 15 .100" 
.0068 uf K682Z15Y5VHVAWA CY15A682Z +80-20% 15 .100" 
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SERIES K 


Mono-Kap® COG, X7R, Y5V and Z5U, 50VDC, 100VDC and 
200VDC, Multilayer Capacitors 


NEW DIST. 
CAP PART NUMBER PART NUMBER 
100 Volt DCW Y5V 
01 uf K103M15Y5VHVAWA CY15A103M 
01 uf K103M15Y5VHVCWA CY20A103M244 
01 uf K103P15Y5VHVAWA CY15A103P 
.01 uf K103Z15YSVHVAWA CY15A103Z 
01 uf K103Z15YSVHVCWA CY20A103Z244 
012 uf =K123Z15Y5VHVAWB CY15A123Z 
015 uf =K153Z15YSVHVAWC + CY15A153Z 
022 uf K223M15Y5VHVCWE CY20A223M244 
022 uf K223Z15Y5VHVCWE CY20A223Z244 
027 uf }=K273Z20Y5VHVBWF CY15A273Z 
047 uf }~K473M20Y5VHVBWJ CY20A473M 
10 uf K104M20Y5VHVBWN CY20A104M 
10 uf K104M20Y5VHVCWN CY20A104M244 
10 pf K104P20Y5VHVBWN CY20A104P 
10 uf K104Z20YSVHVBWN CY20A104Z 
10 uf K104Z20YS5SVHVCWN CY20A104Z244 
15 uf K154Z20Y5VHVBWR CY20A154Z 
.22 uf K224Z30Y5VHVCWT _ 
.27 ut K274Z30Y5VHVCWU CY30A274Z 
33 pf K334M30Y5VHVCWW CY30A334M 
47 uf K474M30Y5VHVCWW CY30A474M 
47 uf K474Z30YSVHVCWW CY30A474Z 
50 Volt DCW Z5U 
001 uf }=K102M15Z5UFVAWA CZ15C102M 


0015 uf K1S2M1SZ5UFVAWA CZ15C152M 


0018 uf K182Z15Z5UFVAWA 


CZ15C1822 


0022 uf K222M15Z5UFVAWA CZ15C222M 


.0033 pf K332Z15Z5UFVAWA 


CZ15C332Z 


.0039 uf K392M15Z5UFVAWA ©CZ15C392M 
.0047 wf K472Z15Z5UFVAWA CZ15C472Z 
.0068 uf K682M15Z5UFVAWA CZ15C682M 
.0068 uf K682Z15Z5UFVAWA CZ15C682Z 
.0082 pf K822M15Z5UFVAWA CZ15C822M 


01 uf 
01 uf 
01 uf 
01 uf 
01 uf 
.01 uf 
012 uf 
012 uf 
018 uf 
022 uf 
022 uf 
022 uf 
022 uf 
027 uf 
.033 pf 
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K103M15Z5UFVAWA CZ15C103M 
K103M15Z5UFVCWA CZ20C103M244 
K103M15Z5UFTTWA = 
K103Z15Z5UFVAWA _GZ15C103Z 
K103Z15Z5UFVCWA CZ20C103Z244 
K103Z15Z5UFTTWA sid 
K123M15Z5UFVAWB CZ15C123M 
K123Z15Z5UFVAWB CZ15C123Z 
K183M15Z5UFVAWD ©CZ15C183M 
K223M15Z5UFVAWE CZ15C223M 
K223M15Z5UFVCWE CZ20C223M244 
K223Z15Z5UFVAWE CZ15C223Z 
K223Z15Z5UFVCWE CZ20C223Z244 
K273M15Z5UFVAWF CZ15C273M 
K333M15Z5UFVAWG CZ15C333M 


STANDARD STOCK LISTING 
CAP. SIZE LEAD 
TOL. CODE SPACE 
+20% 15 100" 
+20% 15 200” 
GMV 15 100” 
+80-20% 15 100" 
+80-20% 15 200" 
+80-20% 15 100” 
+80-20% 15 100” 
+20% 15 200" 
+80-20% 15 200" 
+80-20% 20 100" 
+20% 20 100" 
+20% 20 100" 
+20% 20 200" 
GMV 20 100" 
+80-20% 20 100" 
+80-20% 20 200" 
+80-20% 20 100" 
+80-20% 30 200” 
+80-20% 30 200" 
+20% 30 200" 
+20% 30 200" 
+80-20% 30 200" 
+20% 15 100" 
+20% 15 100” 
+80-20% 15 100" 
+20% 15 100" 
+80-20% 15 100" 
+20% 15 100" 
+80-20% 15 100" 
+20% 15 100" 
+80-20% 15 100" 
+20% 15 100" 
+20% 15 100" 
+20% 15 200" 
+20% T&R 15 200" 
+80-20% 15 .100" 
+80-20% 15 200" 
+80-20% T&R 15 200" 
+20% 15 100” 
+80-20% 15 100" 
+20% 15 100" 
+20% 15 100” 
+20% 15 200" 
+80-20% 15 100” 
+80-20% 15 200" 
+20% 15 100" 
+20% 15 100" 
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SERIES K 


Mono-Kap® COG, X7R, Y5V and Z5U, 50VDC, 100VDC and 


200VDC, Multilayer Capacitors 


STANDARD STOCK LISTING 

NEW DIST. CAP 
CAP PART NUMBER PART NUMBER _ TOL. 
50 Volt DCW Z5U 
033 uf K333Z15Z5UFVAWG CZ15C333Z +80-20% 
047 pf K473M20Z5UFVBWJ CZ20C473M +20% 
047 uf +K473M20Z5UFVCWJ CZ20C473M244 +20% 
047 uf ~=K473Z20Z5UFVBWJ CZ20C473Z +80-20% 
047 uf K473Z20Z5UFVCWJ ©CZ20C473Z244 +80-20% 
068 pf K683M20Z5UFVBWL CZ20C683M +20% 
068 pf K683Z20Z5UFVBWL CZ20C683Z +80-20% 
10 uf = K104M20Z5UFVBWN CZ20C104M +20% 
10 uf = K104M20Z5UFVCWN CZ20C104M244 +20% 
10 uf K104M20Z5UFTTWN ss — +20% 
10 nf | K104Z20Z5UFVBWN CZ20C104Z +80-20% 
10 uf K104Z20Z5UFVCWN CZ20C104Z244 +80-20% 
10 uf K104Z20Z5UFTTWN ie +80-20% 
12 uf | K124M20Z5UFVBWP CZ20C124M +20% 
15 uf | K154M20Z5UFVBWR CZ20C154M +20% 
15 uf K154Z20Z5UFVBWR CZ20C154Z +80-20% 
18 yf | K184M20Z5UFVBWS ©CZ20C184M +20% 
22 uf K224M20Z5UFVBWT CZ20C224M +20% 
22 uf K224M20Z5UFVCWT CZ20C224M244 +20% 
22 uf | K224M20Z5UFTTWT ie +20% 
22 uf | K224Z20Z5UFVBWT CZ20C224Z +80-20% 
22 uf | K224Z20Z5UFVCWT CZ20C224Z7244 +80-20% 
33 uf | .K334M20Z5UFVCWW CZ30C334M +20% 
47 uf | K474M30Z5UFVCWY CZ30C474M +20% 
47 uf K474M30Z5UFTTWY ss — +20% 
47 uf | K474Z30Z5UFVCWY ©CZ30C474Z +80-20% 
68 uf | K684M30Z5UFVCXB CZ30C684M +20% 
82 uf | _K824M30Z5UFVCXC CZ30C824M +20% 
1.0 uf | K105M30Z5UFVCXD ©CZ30C105M +20% 
1.0 uf | K105M30Z5UFTTXD i +20% 
1.0 nf | K105Z30Z5UFVCXD CZ30C105Z +80-20% 
1.5 uf | K155M40Z5UFVCXE CZ40C155M +20% 
1.8uf | K185M40Z5UFVCXF CZ40C185M +20% 
2.2 uf | K225M40Z5UFVCXF CZ40C225M +20% 
2.2 uf K225Z40Z5UFVCXF CZ40C225Z +80-20% 
3.3 pf K335MSOZ5SUFVHXH CZ50C335M +20% 
4.7 uf | K475M50Z5UFVHXJ CZ50C475M +20% 
47 uf | K475Z50Z5UFVHXJ CZ50C475Z +80-20% 
100 Volt DCW Z5U 
001 pf K102M15Z5UHVAWA CZ15A102M +20% 
001 pf K102Z15Z5UHVAWA ©CZ15A102Z +80-20% 
0022 uf K222M15Z5UHVAWA CZ15A222M +20% 
0033 pf K332Z15Z5UHVAWA  CZ15A332M +80-20% 
0039 uf K3892M15Z5UHVAWA CZ15A392M +20% 
0047 uf K472M15Z5UHVAWA CZ15A472M +20% 
0047 uf K472Z15Z5UHVAWA CZ15A472Z +80-20% 
0082 uf K822M15Z5UHVAWA CZ15A822M +20% 
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T&R 


T&R 


T&R 


T&R 


SIZE 
CODE 


15 


LEAD 
SPACE 


.100" 
.100" 
.200" 
.100" 
.200" 
.100" 
.100" 
100" 
.200" 
.200" 
.100" 
.200" 
.200" 
.100" 
.100" 
.100" 
.100" 
.100" 
.200" 
.200" 
.100" 
.200" 
.200" 
.200" 
.200" 
.200" 
.200" 
.200" 
200" 
.200" 
.200" 
.200" 
.200" 
.200" 
.200" 
-400" 
400" 
400" 


.100" 
.100" 
.100" 
.100" 
.100" 
.100" 
.100" 
.100" 


SERIES K 


Mono-Kap® COG, X7R, Y5V and Z5U, 50VDC, 100VDC and 
200VDC, Multilayer Capacitors 


STANDARD STOCK LISTING 

NEW DIST. CAP SIZE LEAD 
CAP PART NUMBER PARTNUMBER ‘TOL. CODE SPACE 
01 uf — K103M15Z5UHVAWA CZ15A103M +20% 15 100" 
01 pf — K103M15Z5UHVCWA CZ20A103M244 —_ +20% 15 200" ey 
O1pf  K103Z15Z5UHVAWA CZ15A103Z +80-20% 15 100" ee 
01 uf —K103Z15Z5UHVCWA CZ20A103Z244 — +80-20% 15 200" PA 
012 uf K123M15Z5UHVAWB CZ15A123M +20% 15 100" 3 
022 uf K223M20Z5UHVBWE CZ20A223M +20% 20 200" ~H 
022 wf K223M20Z5UHVCWE CZ20A223ZM244 +20% 20 200" © 
022 uf K223Z20Z5UHVCWE CZ20A223Z244  +80-20% 20 200" C) 
033 uf K333M20Z5UHVBWG CZ20A333M +20% 20 100" 2 
039 :f | K393M20Z5UHVBWH CZ20A393M +20% 20 100" gy 
047 uf | K473M20Z5UHVBWJ CZ20A473M +20% 20 100" Oo. 
047 uf K473M20Z5UHVCWJ CZ20A473M244 — +20% 20 200" S 
068 uf | K683M20Z5UHVBWL CZ20A683M +20% 20 100" = 
10 uf | K104M20Z5UHVBWN CZ20A104M +20% 20 100" “ 
10 nf — _K104M20Z5UHVCWN CZ20A104M244 —_ +20% 20 200" 
10 uf _K104Z20Z5UHVBWN CZ20A104Z +80-20% 20 100" 
10 pf  K104Z20Z5UHVCWN CZ20A104Z244 — +80-20% 20 200" 
12 nf | K124M20Z5UHVBWP CZ20A124M +20% 20 100" 
15 uf | _K154M20Z5UHVCWR CZ20A154M +20% 30 200" 
22 uf | K224M30Z5UHVCWT CZ30A224M +20% 30 200" 
33 pf K334M30Z5UHVCWW CZ30A334M +20% 30 200" 
A7 uf K474M30Z5UHVCWY CZ30A474M +20% 30 200" 
A7 uf K474Z30Z5UHVCWY CZ30A474Z +80-20% 30 200" 
1.0 pf | K105M40Z5UHVCXD CZ40A105M +20% 40 200" 
2.2 uf  K225M50Z5UHVHXF CZ50A225M +20% 50 400" 


Consult factory representative for other values. 
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SERIES P 


Mono-Pak’ Dual In-Line Ceramic Multilayer Capacitors 


DESCRIPTION: 


Two pin, dual In-Line capacitors feature a .165 
maximum inserted height, compatible with IC’s 
and other DIP’s. The units are packed for auto- 
matic insertion. 


ELECTRICAL PARAMETERS: 


CAPACITANCE: 

Measured @ 1MHz @ 1.0+0.2VRMS @ 25°C for 
COG types with C < 1000pF. 

Measured @ 1KHz @ 1.0£0.2VRMS @ 25°C for 
COG types with C>1000pF. 


Measured @ 1Khz @ 1.0VRMS + .2VRMS @ 25°C 
for X7R types. 
Measured @ 1Khz @ .5VRMS + .1VRMS @ 25°C 
for Z5U types. 


DISSIPATION FACTOR: 

1% Maximum for COG types, 

2.0% Maximum for X7R types and 

4.0% Maximum for Z5U types; 

Measurements conditions are the same as for 
Capacitance measurement. 

DIELECTRIC STRENGTH: 

Parts are subjected for up to 5 seconds @ 25°C 
to: 250% of Rated Voltage 


158 


INSULATION RESISTANCE: 

When measured @ 25°C and Rated Voltage, the 
following Minimum Values will be met: 100 Gig O 
or 1000 0 F (whichever is less) for COG and 
X7R types, 10 Gig 0 or 1000 O F (whichever is 
less) for Z5U types. 

OPERATING TEMPERATURE RANGE 

—55°C to +125°C for COG and X7R 

—55°C to +85°C for Z5U 

ENCAPSULATION: 

Molded Epoxy 

DIMENSIONS: 


315 MAX 
(8.00) 


260 + .005 
(6.60+.013) 


065+.003 
095+.002 (1.65£0.08) 


(2.41+0.05) 


010 REF 
(0.25) 
PLUS PLATING 


870 MAX 
(22.10) 


INCH (MILLIMETER) 


ay 


INCH 
(MILLIMETER) 


‘cs 4 
ae 
Nace! 


1 Inch = 25.4mm 
.100+.00: 

(2.54+0.13) 
TYPICAL—NON CUMULATIVE 
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CERAMIC CAPACITOR PART NUMBER SYSTEM 
Mono-Pak® Dual In-Line Multilayer Capacitors 


eee] 


P Mono-Pak Product Line 


CAPACITANCE VALUE 
First two digits are 
significant, third digit 
is a multiplier as follows: 
0x1 

1x10 

2x 100 

3 x 1000 

4 x 10000 

5 x 100000 
6 x 1000000 


Tolerance Code: 


J = 5% (COG Only) 
K + 10% (COG and X7R) 
M + 20% (X7R and Z5U) 
P +100/—0% (Z5U) 
Z +80/—20% (Z5U) 
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P 102 M 26 Z5U F VP WA 


26 .260" +.020 Long 
.093/.098" Wide 


.135" Max Height | 


COG OPPM +30PPM 
from —55°C to +125°C 
X7R +15% Max Cap 
change from —55°C 
to +125°C 
Z5U +22 to —56% Max 
Cap change from 
+10°C to +85°C. 


Note: 1 inch = 25.4 mm 


VP Magazine Pack, 
200/Magazine 
25 Magazines/Box 
Inserts on 

.300" Centers 


F 50VDC 
COG, X7R, Z5U 
H 100VDC 
COG, X7R, Z5U 
K 200VDC 
COG, X7R 
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SERIES P 


Mono-Pak’ Dual In-Line Ceramic Multilayer Capacitors 


STANDARD STOCK LISTING 

NEW DIST. CAP. SIZE LEAD 
CAP. PART NUMBER PART NUMBER TOL. CODE SPACING 
50 Volt DCW COG (NPO) 
10 pf P100K26COGFVPWA CN80C100KM +10 26 .300" 
22 pf P220K26COGFVPWA CN80C220KM +10 26 .300" 
33 pf P330K26COGFVPWA CN80C330KM +10 26 300" 
47 pf P470K26COGFVPWA CN80C470KM +10 26 .300" 
56 pf P560K26COGFVPWA CN80C560KM +10 26 .300" 
68 pf P680K26COGFVPWA CN80C680KM +10 26 300" 
82 pf P820K26COGFVPWA CN80C820KM +10 26 300" 
100 pf P101K26COGFVPWA CN80C101KM +10 26 .300" 
150 pf P151K26COGFVPWA CN80C151KM +10 26 .300" 
220 pf P221J26COGFVPWA CN80C221JM +5 26 .300" 
220 pf P221K26COGFVPWA CN80C221KM +10 26 300" 
330 pf P331K26COGFVPWA CN80C331KM +10 26 300" 
470 pf P471K26COGFVPWA CN80C471KM +10 26 .300" 
001 pf = P102J26COGFVPWA CN80C102JM +5 26 .300" 
001 uf PIO2K26COGFVPWA CN80C102KM +10 26 300" 
0022 pf P222K26COGFVPWA CN80C222KM +10 26 300" 
50 Volt DCW X7R 
.0033 pf P3832K26X7RFVPWA CW80C332KM +10 26 .300" 
.0047 uf P472K26X7RFVPWA CW80C472KM +10 26 .300" 
01 uf P103K26X7RFVPWA CW80C103KM +10 26 .300" 
01 pf P103M26X7RFVPWA CW80C103MM +20 26 .300" 
022 uf = P223K26X7RFVPWE CW80C223KM +10 26 .300" 
022 uf P223M26X7RFVPWE CW80C223MM +20 26 .300" 
047 pf }3=P473K26X7RFVPWJ CW80C473KM +10 26 .300" 
.047 pf }3=P473M26X7RFVPWJ CW80C473MM +20 26 300" 
1 uf P104K26X7RFVPWN CW80C104KM +10 26 300" 
1 uf P104M26X7RFVPWN CW80C104MM +20 26 300" 
22 uf P224K26X7RFVPWT CW80C224KM +10 26 .300" 
22 pt P224M26X7RFVPWT CW80C224MM +20 26 .300" 
50 Volt DCW Z5U 
01 pf P103M26Z5UFVPWA CZ80C103MM +20 26 .300" 
.01 uf P103Z26Z5UFVPWA CZ80C103ZM +80-20 26 .300" 
022 uf P223M26Z5UFVPWE CZ80C223MM +20 26 300" 
022 uf = P223Z26Z5UFVPWE CZ80C223ZM +80-20 26 .300" 
047 uf }=P473M26Z5UFVPWJ CZ80C473MM +20 26 .300" 
047 uf }=P473Z26Z5UFVPWJ CZ80C473ZM +80-20 26 .300" 
1 uf P104M26Z5UFVPWN CZ80C104MM +20 26 .300" 
1 uf P104Z26Z5UFVPWN CZ80C104ZM +80-20 26 .300" 
22 uf P224M26Z5UFVPWT CZ80C224MM +20 26 .300" 
22 uf P224Z26Z5UFVPWT CZ80C224ZM +80-20 26 300" 
33 pf P334Z26Z5UFVPWW CZ80C334ZM +80-20 26 300" 
STANDARD  M= MATERIAL CODE (EIA TC an a CODED CAPACITANCE 
MARKING: ae COG (NPO) 10pF through 99pF: actual value in pF (2 digits only) 
VMCCCT Cc = X7R 100pF and above: coded cap. value, same as used in P/N 
V=VOLTAGE CODE E£ = Z5U on the Spec. 
Blank = SOV T = TOLERANCE CODE; SAME AS USED IN THE P/N 
; = Sac Use “VP” for Mechanical Detail Code for all Mono-Pak (they 


are packaged 200 to a Magazine). 
Standard Qty is 5000 pcs (25 magazines) in a carton. 
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CONSTRUCTION & CHARACTERISTICS 


Monolithic Multilayer 


Capacitors 


CAPACITANCE CHANGE (AC) 
vs TEMPERATURE 


ml octrof | 
PN Z| | | 
PaSZ 
Sea 
mt TTT NT 


+400 


+ .20 
+.10 


= 
| | 
aT 
| ft 


— 30 


—39 —-35 —15 +5 425 +45 +65 +85 +105 +125 
TEMPERATURE (°C) 


80 
—95 —35 —-15 +5 +25 +45 +65 +85 
TEMPERATURE (°C) 


+10 
+9 
Q 
x AC 
—5 
—10 
—15 
—55 —35 —15 +5 +25 +45 +65 +85 +105 +12 
TEMPERATURE (°C) 
“ELELEILLLILL 
0 
AN Cae 
—?20 
x AC 


P| ilATAT 
P| Yt | iN 
ole | | | | TS 


—35 —35 —15 +5 +25 +45 +65 +85 
TEMPERATURE (°C) 


Philips Components monolithic ceramic capacitors were 
originally developed to improve the volumetric efficiency of 
ceramic capacitors. Ceramic materials are processed into a 
tape with a typical thickness range from 1 to 3 millimeters. 
Metal electrode patterns are applied using a thick film 
screening process. Multiple layers are stacked and laminated 
in such a manner that electrodes are alternately exposed 
when the pattern is cut into individual chip capacitors. The 
Capacitors are fired through a high temperature profile to 
mature the ceramic and metal into a homogeneous unit. Metal 
end terminations are applied and fired to provide electrical 
connection between the individual layers. A full range of 
values from 1 pF to 10 uF is available in four EIA dielectric 
designations. CAPACITANCE CHANGE (AC) 
vs DC VOLTAGE (50V) 


VOLTS DC APPLIED 


CAPACITANCE CHANGE (AC) 
_vs FREQUENCY 


100Hz 1kHz 10kHz 1MHz 10MHz 
FREQUENCY 
DISSIPATION FACTOR AND Q 


0 10 20 30 40 30 


CAPACITANCE pF 
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SERIES D ANDS 


50VDC through 6KVDC, EIA Class |, Il 
and Temperature Stable, 


DESCRIPTION: 


Our General Purpose and Temperature Stable 4. 


capacitors are available with DC Voltage ratings 
as high as 6KV. They may be subdivided into five 
different groupings of Standard Stock Items: 


1. Low Voltage Standard Stock Items; This covers 
the range of 50VDC through 600VDC with 
Temperature Characteristics of Z5U and Z5V, 
they are typically used in non-critical bypass 
and coupling applications. Also included are 
Dual Capacitance units, which provide two 
capacitors within a single package, with a 
common center lead. 


2. Temperature Stable Standard Stock Items: 
This covers a variety of SOOVDC X5F and Z5P 
units. These items provide excellent tempera- 
ture stability over a wide ambient tempera- 
ture range. 


3. Philips Components’ Temperature Compen- 
sating Capacitors provide an accurate predict- 
able linear capacitance change with variations 
in ambient temperature. This change is called 
Temperature Coefficient of Capacitance (TCC 
or TC) and is expressed in Parts-per-million-per- 
degree-Centigrade (PPM/°C). The Temperature 
Coefficient is determined from a two point mea- 
surement of the capacitance at +25°C and 
+85°C. The NPO (COG) capacitor typical appli- 
cation includes tuned circuits, RF networks and 
other critical applications where the drift free 
performance of a temperature compensating 
capacitor is mandatory (NPO = 30PPM/°C). 


162 


2. 


and Ill, General Purpose 
Ceramic Disc Capacitors 


4 KDVC General Purpose Stock Items; This 
series provides a wide choice of 1000 Volt DC 
rated units for general purpose applications. 
These units are primarily designed for non- 
critical coupling, bypass and filter applications 
as found in all types of entertainment, indus- 
trial and medical equipment. 

High Voltage Standard Stock Items: This series 
includes 1400VDC/150VAC units as well as 
1600VDC, 3000VDC and 6000VDC units. These 
units are especially useful for filtering, block- 
ing, voltage multiplier applications and for arc 
and noise suppression on switches, relays 
and motors. 
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SERIES D AND S 
SOVDC through 6KVDC, EIA Class I, Il and Ill, General Purpose 
and Temperature Stable, Ceramic Disc Capacitors 


CAPACITANCE: ENCAPSULATION: 

Measured @ 1MHz @ 1.0 + 0.2VRMS @ 25°C for Phenolic Resin, Golden/Yellow colored for units 
values 1000 pF or less. less than 3000VDC, Epoxy, Golden colored for 
Measured @ 1MHz @ 1.0 + 0.2VRMS @ 25°C for 3000VDC and higher, coating material is at Philips 2 
S2L and S3N Temperature Characteristics. Components’ option. 

Measured @ 1KHz @ 1.0 + 0.2VRMS @ 25°C for OPERATING TEMPERATURE RANGE 9 
all others. =o C to +125°C. © 
DISSIPATION FACTOR: Signage talent Fellas th s 
For Class | capacitors, dissipation factor is typically 2° UIK and hadial lape and heel (per 
expressed as (Quality) Factor and is hat RS-468) product available. Taped and Reeled 5° 
under the same conditions as capacitance. product available on 2000 pc reels only. 9 
Q = 1/DF or DF = 1/Q NPO (COG) = .1% DF. LEADFORMS: oo 
.6% Max. when measured @ 1MHz @ 1.0 + 0.2 Japed and reeled product available with omm 3 
VRMS @ 25°C for S2L and S3N Temperature (-197") nominal spacing, #24 AWG CCS or CU wire 9 
Characteristics. 9.08mm (.200"), 6.35mm (.350"), IKC (standard), + 
2.5% Max. when measured @ 1KHz @ 1.0 + 0,2 SOL (.200 only) or SLC. > 


VRMS @ 25°C for all others. 


DIELECTRIC STRENGTH: 

250% of Rated Voltage for units rated 500/600VDC 
or less, 200% of Rated Voltage for units rated 
1KVDC, 175% of Rated Voltage for units rated 
over 1KVDC, with the test voltage being raised 
from zero to the specified value at a rate of approx. 
SOOVDC per second and the maximum test volt- 
age being maintained for 60 seconds; the limiting 
value of direct current shall be 50 milliAmps for 
both charging and discharging. 


INSULATION RESISTANCE: 

10,000 Meg 0 minimum when measured at rated 
Voltage or 500VDC, whichever is less, after 2 min- 
utes, +5 seconds charge time, with charging cur- 
rent limited to 50 milliAmps. 

MARKING: 

Philips Components Logo (Diamond Shape), 
Capacitance Value (in Micro-Farad), EIA Capaci- 
tance Tolerance Code, Rated Voltage, EIA Tem- 
perature Characteristic (in this order, as size 
permits). 50 Volt rated units may have capaci- 
tance value marking underlined to denote 50VDC 
rating. 
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CERAMIC CAPACITOR PART NUMBER SYSTEM 
Ceramic Disc Capacitors 


Z5F N TH EM 
Die KAS 


F 50VDC P 2KVDC Class | 
G 75VDC R 3KVDC Dielectric 
H 100VDC S 4KVDC Strength 
J 150VDC T 5KVDC Tested @ 
g Sal grate VALUE K 200VDC U 6KVDC 1500VDC 
® SoAeani nae he | L 600VDC X 1.6KVDC 2 X Rated VDC 
os ; eo git N 1KVDC 500VDC 
9) is a multiplier as follows: 1300VDC 
=) Class Il & Ill 
>t Dielectric 
ir) Strength 
? 4x 10000 Temperature Characteristic per EIA RS-198 Tested @ 
& 9x.1 for Class II & Ill 1500VDC 
S Second Digit Third Digit is eka ea 
g First Digit ES) Highest Percent Change 1300VDC 
S is Lower Temperature Allowed SOOVDC 
~t Temperature 4 +65°C Pa 7 506 
olerance e: —30° 64105°C + 450 
Ps C + .25pF (<10pF) Class! Z +10°C 7 +125°C ‘i " on 
D + .5pF (<10pF) Class! 8 +150°C T +22/—33% 
F+1pF(<10pF) Class! Changes in Capacitance U +22/—56% 
H+ 3%(>10pF) Class! | are all using the 25°C V +22/—82% 


J+ 5% (= 5pF) Class! 
K+ 10% (=>2.5pF) Class | & Il 
M + 20% Class II & Ill 
P +100/—0% (GMV) Class Ill 
Z +80/—20% © Class II & Ill 


Cap. Value as reference Point. 


Temperature Characteristic per EIA RS-198 
for Class | 

First 2 Digits Last Digit defines 
the TC Tolerance 
as follows: 
G+  30PFM 
Hi  60PPM 
J+ 120PPM 
K » 250PPM 
L °= 500PPM 
M '§ 1000PPM 
N | 2500PPM 


20 ~=.197" Dia x .156" Thick Space Length ia. Pack 
29 ~=—-.290" Dia x .156" Thick 1.0" Min Bulk 
133 330" Dia x .203" Thick 1.0" Min Bulk 
39 = .394" Dia x .156" Thick 787" Bulk 
40  .400" Dia x .156" Thick 187" Bulk 
43  .430" Dia x .203" Thick er" Bulk 
47 .472" Dia x .156" Thick : 157" Bulk 
52 ~=-.520" Dia x .203” Thick ' 4.0" Min Bulk 
59 ~=.590" Dia x .156" Thick 1.0" Min Bulk 
63  .630" Dia x .203” Thick . 4187" Bulk 
66 660" Dia x .313”" Thick 187" Bulk 
69  .690" Dia x .156" Thick 250" 187” Bulk 
73 ~—-.730" Dia x .203” Thick 187" | Bulk 
76 ~—~-«.760" Dia x .313”" Thick 1.0" Min 5 Bulk 
82  .820" Dia x .156" Thick 1.0" Min Bulk 
86 __.860" Dia x .203" Thick H-18MM Tape & Reel 
93 .930" Dia x .156" Thick Ho-16MM Tape & Reel 
96 .960" Dia x .203" Thick ; Ho-16MM Tape & Reel 
Ho-16MM Tape & Reel 
Note: Above Numbering System is for STANDARD PRODUCT. Ho-16MM Tape & Reel 


Note: 1 inch = 25.4mm 
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SERIES D AND S 
SOVDC through 6KVDC, EIA Class I, Il and III, General Purpose 
and Temperature Stable, Ceramic Disc Capacitors 


RANGE CHARTS 


EIA Class | COG Disc Capacitors 
Numbers reflect smallest STD Philips Components 
disc sizes. 


EIA Class II and III Disc Capacitors: 
Use the following chart to determine which Ceramic to use in order to obtain the 


hud ses desired Temperature Characteristics for Class II and Ill Capacitors. S 

. 5%, 10% Maximum 1) 

Capacitance Standard me | 

Rha EIATC __Change Allowed * Temp. Range Use Ceramic Avail. Tol. ay 

X5F +/-75% * _—55°C to +85°C T27 only +/-—10, +/-20% = 

X5P +/-10% —55°C to +85°C T4 or T27 +/-10, +/-20% ~r 

X5R +/-—15% —55°C to +85°C T4 or T27 +/-10, +/-—20% 7) 

X5S +1-22% =55°C to +85°C_—T4 or T27 +/-10, +/-20% Ly 

X5T +22/-33% | -—55°C to +85°C T4 or T27 +/-10, +/-20% Q) 

X5U +22/-56% -—55°C to +85°C T4, T27 or T32 +/-—20, +80-20% xs} 

X5V + 22/-82% -55°C to +85°C 14, T27 or T32 +/-20, +80-20% ie 

X7S +/—22% —55°C to +125°C T27 only +/-10, +/—20% © 

X7T +22/-33% -55°C to +125°C Ta or 127 +/-20, +80-20% Pe 

689 | 20 20 20 X7U +22/-56% -55°C to +125°C ‘Ta, T27 or T32 +/-20, +80-20% >) 

X7V +22/-—82% —55°C to +125°C T4, T27 or T32 +/-—20, +80-20% P 
Y5E +/-4.7% -—30°C to +85°C T27 only +/-10, +/-—20% 
Y5F +/-75% -30°C to +85°C T27 only +/-10, +/-20% 
Y5P +/-—10% * 30°C to +85°C T4 or T27 +/-10, +/-—20% 
Y5R +/-15% -—30°C to +85°C T4 or T27 +/-10, +/—20% 
180 20 20 20 Y5S +/—22% -—30°C to +85°C T4 or T27 +/-10, +/-—20% 
220 | 20 20 20 Y5T +22/-—33% -—30°C to +85°C T4 or T27 +/-—20, +80-20% 
270 | 20 29 29 Y5U +22/-56% -—30°C to +85°C T4, T27 or T32 +/-20, +80-20% 
Y5V +22/—82% -—30°C to +85°C T4, T27, T32 or T66 +/-—20, +80-20% 
390 | 29 29 29 Z5E +/-4.7% +10°C to +85°C T27 only +/-10, +/-20% 
470 | 29 40 40 Z5F +/-75% +10°C to +85°C T4 or T27 +/-10, +/-—20% 
Z5P +/-10% * _ +10°C to +85°C T4 or T27 +/-10, +/—20% 
680 | 29 40 40 Z5R +/-15% +10°C to +85°C T4 or T27 +/-10, +/-—20% 
820! 40 40 40 25S +/—22% +10°C to +85°C T4 or T27 +/-10, +/-—20% 
910 | 40 40 40 Z5T +22/+33% +10°C to +85°C T4 or T27 +/-—20, +80-20% 
Z5U +22/-56% *  +10°C to +85°C T4, T27, T32 or T66 +/-—20, +80-20% 
Z5V +22/—82% *  +10°C to +85°C Any One Listed. +/-—20, +80-20% 


40 59 59 
47 59 59 


47 59 59 
59 69 69 


After selecting ceramic see following pages to determine size from charts. 


221 


59 82 82 Special Sizes Note: | 
69 82 82 (Dual Disc Construction) Voltages indicated are maximum 
S62 620" ida, 220” thick (Epoxy or operating voltages; use 100V column 
Phenolic Coated, CRL option) for SOV, etc. 


$72 .720” dia, .220” thick (Epoxy or 
Phenolic Coated, CRL option) 
S85 850” dia, .220” thick (Epoxy or 
Phenolic Coated, CRL option) 
S95 950” dia, .220” thick (Epoxy or 
Phenolic Coated, CRL option) 


.197" dia, .156" thick 
.290" dia, .156" thick - 
394" dia, .156" thick 
405" dia, .156" thick 
.472" dia, .156" thick 
.590" dia, .156" thick 
.690" dia, .156" thick 
.820" dia, .156" thick 
.930" dia, .156" thick 
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SERIES D ANDS 


50VDC through 6KVDC, EIA Class I, Il and Ill, General Purpose 
and Temperature Stable, Ceramic Disc Capacitors 


How to use the Class Il and Class III Selector 

Chart: 

1. Look up the EIA TC Code required, or look up 
the Maximum Change in Capacitance Value 
over a certain Temperature Range allowed by 
the Circuit. 

2. This will provide one (or more) Ceramic(s). 

3. Now use the range chart and find the inter- 
section of the capacitance Value desired and 
the Voltage desired (within the previously 
selected Ceramic). 

4. The number found is the smallest size on which 
this product may be supplied. 


An Example: | 

Requirements: 2200 pF +/—10%, Y5S, 100VDC, 
no larger than .500" We find that for Y5S we can 
use either T4 or T27 Ceramic. In the Range Chart, 
we find at the intersection of EIA Cap Code 222 
and T27 Ceramic/100V, that “40” is listed. (Nothing 
is listed under T4 for this Cap Code, so that the 
127 Ceramic is the only choice.) This means that 
the above described part can be supplied on a 
diameter of .394" Maximum, well within the .500" 
requirement. Where multiple Ceramics meet the 
same TC requirements, typically the smallest sizes 
are found under the Ceramic with the highest 
number. 


CLASS II AND CLASS Ili DISC CAPACITORS 


CLASS Il; TC tolerance < +22% (E, F, P, R) 
CLASS Ill; TC tolerance => +22% (S, T, U, V) 


| EIA CLASS Ii EIA CLASS Ill 
pe T4 CERAMIC T27 CERAMIC T32 CERAMIC T66 CERAMIC 182 CER. 
P/N Code EV ED EM EU ED EM EU ED EM EU ED EM EU ED 
Voltage 100 500 1KV 100 500 1KV 100 500 1KV 100 500 1KV 100 500 
Gee Te Eee eee LSP ene i eee) ESS) 
680 | 20 20 20 
820 | 20 20 20 
101 | 20 20 20 
121 20 20 20 
151 20 20 20 
181 20 20 20 
221 20 20 20 
3 271 20 20 £20 
= 331 20 20 20 
= 391 20 20 20 
S 471 20 20 20 
< 561 20 29 29 #+20 #20 ~ 20 
o 681 20 29 29 20 20 ~ 20 
o 821 29 29 29 20 29 29 20 20 
= 102 29 29 29-20 29 20 20 
i 122 29 40 40 20 29 29 20 29 
9 152 29 40 40 29 29 29 2 29 2 
182 40 40 40 29 #40 #40 20 29 29 
202 40 40 40 29 40 40 20 29 29 
222 40 40 40 29 40 40 20 #29 £440 
272 40 47 47 29 #40 40 29 #29 40 + 20 
302 40 47 47 29 40 40 29 #40 40 += 20 
332 40 47 47 40 40 40 29 ##40 #40. 29 
392 40 59 59 40 47 47 #229 ##40 #40. 29 
472 47 59 59 40 47 #47 #=29 #40 #40 29 
502 47 59 59 40 47 #47 #29 40 47° 29 
562 59 69 69 40 59 #59 40 40 #59. 29 
682 59 69 69 6400659059 40 40599 40 
Continued 
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SERIES D AND S 


YOVDC through 6KVDC, EIA Class I, Il and Ill, General Purpose 
and Temperature Stable, Ceramic Disc Capacitors 


CLASS Il; TC tolerance < +22% (E, F, P, R) 
CLASS Ill; TC tolerance = >») +22% (S, T, U, V) 


EIA CLASS Il 
Common 
Electrical |_T4 CERAMIC T27CERAMIC 132 CERAMIC 
P/N Code EUV ED EM EU ED EM EU ED 


Voltage 


59 82 82 47 69 
69 82 82 47 69 


EM 
100 500 1KV 100 500 1KV 100 500 1KV 100 500 1KV 100 500 
ETT LE CEES Ke 


69 
69 


93 93 59 82 
59 = 82 


CODED CAPACITANCE VALUE 


82 
93 
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EIA CLASS III 
T66 CERAMIC 182 CER. 
EU ED EM EU ED 
40 47 59 40 
40 47 59 40 
40 59 69 40 #59 
47 59 69 47 ~~ 59 
47 69 82 47. 69 
59 69 82 59 69 
59 69 82 59 69 
59 69 $72 59 69 
69 S72 S85 69 S72 
69 S72 S85 69 S72 
69 S72 S85 69 S72 
69 S72 S95 69 S72 
69 S72 S95 69 S72 
S62 S85 S62 $72 
S62 S85 S62 S85 
S72 $95 S72 S95 
S72 $95 S72 $95 
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SERIES D AND S 


50VDC through 6KVDC, EIA Class I, Il and Ill, General Purpose 
and Temperature Stable, Ceramic Disc Capacitors 


STANDARD STOCK ITEMS 
NEW DIST. CAP TC MAX. MAX. LEAD LEAD 
CAP. PART NUMBER PART NUMBER _ TOL. CODE DIA. THICK. SPACE STYLE 
50 Volt DCW 
005 uf +D502Z29Z5VFAAEU CK502 +80-20%  Z5V 29" .156" .250" SLL 
?) 01 uf D103Z39Z5VFAAEU CK103 +80-20%  Z5V_ .39" 196" 3.2250" - =SLE 
® 01 uf D103Z39Z5VFTHEU - +80-20%  Z5V 39" 140" 200" IKC* 
a 02 uf D203Z59Z5VFABEU CK203 +80-20%  Z5V Eo): 156! «.-.375" “7 SLL 
= 025 uf D253Z59Z5VFABEU CK253 +80-20%  Z5V .59" 156" = =.375" SLL 
Ra 03 uf D303Z59Z5VFABEU CK303 +80-20%  Z5V 09" 156" .375" SLL 
© 05 uf D503Z69Z5VFABEU CK503 +80-20%  Z5V .69" 156" =.375" SLL 
© 1 uf S104Z72Z5VFAZAA CK104 +80-20% Z5V t2' 171" 375": SLL 
% 75 Volt DCW 
2 .05 uf D503X69Z5VGAZAA DDA503 +80-30% Z5V .69" 156" =.375" SLL 
Oo 1 uf $104X72Z5VGAZAA DDA104 +80-30%  Z5V Se: Att 867. OLE 
S 100 Volt DCW 
P. .005 pf +=D502M39Z5VHAAEU DC502 +20% Z5V .39" 156". .250".. SLL 
005 pf D502M39Z5VHBEEU XXDC502 +20% ZSV .39" .156" = .250" SLC 
01 uf D103M39Z5VHAAEU DC103 +20% Z5V 39" 156" .250" SLL 
01 uf D103M39Z5VHBEEU XXDC103 +20% Z5V 39" 156" .250" SLC 
01 uf D103M39Z5VHTHEU _ +20% Z5V mh 140" .200" IKC* 
02 uf D203M59Z5VHABEU DC203 +20% Z5V 59" 156" = .375" SLL 
02 uf D203M59Z5VHBFEU XXDC203 +20% Z5V 59" 156" =.375" SLC 
025 uf + D253M59Z5VHABEU DC253 +20% Z5V 59" 156": 375" - SLL 
025 uf D253M59Z5VHBFEU XXDC253 +20% Z5V 59" 156" = .375" SLC 
.05 uf D503M69Z5VHABEU DC503 +20% Z5V .69" 156" .375" SLL 
05 uf D503M69Z5VHBFEU XXDC503 +20% Z5V .69" 156" .375" SLC 
1 uf S104M72Z5VHAZAA DC104 +20% Z5V W's ATS" - 875" 2 SLL 
1 uf $104S72Z5VHAZAA DC104S +30% Z5V er A” ~oaroo sak 
100 Voit DCW COG (NPO) 
10 pf D100J20COGHMBAC ~ =O% COG ~~ .20" 138" .200" SLL 
22 pf D220J20COGHMBAC - +5% COG .20" 138" .200" SLL 
27 pf D270J20COGHMBAC - +5% COG .20" ASO.» 200". “SLE 
33 pf D330J20COGHMBAC _ +5% COG ~~ .20" 138" .200" SLL 
47 pf D470J29COGHMBAC _ +5% COG .29" 138" .200" SLL 
68 pf D680J29COGHMBAC - 5% COG .29" W386": .200"° SLL 
82 pf D820J40COGHMBAC - +5% COG __ .40" 138" .200" SLL 
100 pf D101J40COGHMBAC _ +5% COG _ .40" 138" .200" SLL 
600 Volt DCW 
.01 uf DiO3P59Z5ULABED DD6103 GMV Z5U 09" 156"... .375" - SLL 
015 uf D1I53Z69Z5ULABED DD153 +80-20%  Z5U .69" 156" .:. 375" «SLL 
02 uf D203Z69Z5ULABED DD203 +80-20%  Z5U .69" -156"" 3376". SLL 
02 uf D203Z69Z5ULBFED XXDD203 +80-20%  Z5U .69" 156" = .375" SLC 
03 pf S303Z72Z5ULAZAA DD303 +80-20%  Z5U te. 200" 3.375" SLL 
04 uf S403Z72Z5ULAZAA DD403 +80-20%  Z5U fe. .250" 375" SLL 
05 uf S5S03Z85Z5ULAZAA DD503 +80-20%  Z5U 85" .200" fo SLL 
.05 uf S503Z85Z5ULBFED XXDD503 +80-20%  Z5U 85" .250" 375" SLC 
1 uf S104Z95Z5VLAZAB DD104 +80-20%  Z5U 25" 200" 375". SLL 
*Tape and Reel Packaging 
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SERIES D AND S 


SOVDC through 6KVDC, EIA Class I, Il and Ill, General Purpose 
and Temperature Stable, Ceramic Disc Capacitors 


STANDARD STOCK ITEMS 
NEW DIST. CAP. TC MAX. MAX. LEAD LEAD 
CAP. PART NUMBER PART NUMBER | TOL. CODE DIA. THICK. SPACE STYLE 
600 Volt DCW COG (NPO) 
1.5 pf | D159D2Z0COKLAAAA DTZ1R5 +0.5pf COK .20" 3 .156" .250" SLL 
2.2pf D229D20COKLAAAA DTZ2R2 +0.5pf COK ~~ .20" 1967 go" SLL 
3.3 pf | D3839D20COJLAAAA DTZ3R3 +0.5pf COU 20" 756" See Si 
47pf | D479D20COJLAAAA DTZ4R7 +0.5pf COJ .20" 3 .156" .250" SLL 
6.8 pf ©D689D20COHLAAAA DTZ6R8 +0.5pf COH _— .20" .156" = .250" SLL 
10 pf D100J20COGLAAAA DTZ10 +5% COG 20" 156"°" .280""° SLL 
15 pf D150J20COGLAAAA DTZ15 +5% COG = .20" ° :156".. ° 250" SLL 
18 pf D180J20COGLAAAA _ +5% COG’ ..20" . 156% ‘*:2250" ~ SLL 
20 pf D200J20COGLAAAA DTZ20 +5% COG ~~ .20" 156"... 250": |. SLL 
22 pf D220J29COGLAAAA DTZ22 £5% COG 29" 156". 250"... SLL 
25 pf D250J29COGLAAAA = DTZ25 +5% COG .29" .156""=~ ' 260". SLL 
27 pf D270J29COGLAAAA _ +5% COG .29" :1.56" 250" SLL 
33 pf D330J29COGLAAAA DTZ33 +5% COG .29" 156% 7.250" SLL 
47 pf D470J40COGLAAAA = DTZ47 +5% COG... .40". 156" ~ 250". -SLL 
50 pf D500J40COGLAAAA DTZ50 +5% COG 40". ..156" ©. .250" = SLL 
68 pf D680J40COGLAAAA DTZ68 +5% COG. .40"  .156” .° .250" “SLL 
75 pf D750J40COGLABAA DTZ75 +5% COG .40" 156" =:375" ° SLL 
82 pf D820J40COGLABAA DTZ82 +5% COG 40” A156" 2 2375"! « SLL 
100 pf D101J40COGLABAA DTZ100 +5% COG .40" 190° >*t.3rea SLL 
120 pf D121J47COGLABAA DTZ120 5% COG .47" 156" 375" SLL 
150 pf D151J59COGLABAA DTZ150 5% COG .59" .156" 375" SLL 
200 pf D201J59COGLABAA DTZ200 +5% COG As 156". SAS SLL 
220 pf D221J59COGLABAA DTZ220 90 COG .59” 156" 2 .3FS"-. SLL 
Dual Capacitance 600 Volt DCW . 
001 uf = S102P39Z5ULAZAA DD3102 GMV Z5U 39" .186" 125" SLL 
005 uf }=S502P59Z5ULAZAA DD3502 GMV Z5U -: 59" 2e0e = go" | SLL 
01 uf S103P69Z5ULAZAA DD3103 GMV Z5U 69" 5225". 225" SLL 
600 Volt DCW X5F 
150 pf D151K20X5FLAAEC CE151 +10% 20" - .156"cae50P~ SLL 
220 pf D221K20X5FLAAEC CE221 +10% .20" 156"  .250" SLL 
330 pf D331K20X5FLAAEC CE331 +10% .20" 156%: 250" SLL 
470 pf D471K20X5FLAAEC CE471 +10% .20" joe eer «SLE 
500 pf D501K20X5FLAAEC CE501 +10% .20" .156" 250" SLL 
560 pf D561K29X5FLAAEA CE561 =10% 29" _ 156" 250" SLL 
680 pf D681K29X5FLAAEA CE681 £10% 29" 156". +: 250° © SLL 
750 pf D/751K29X5FLAAEA CE751 +10% .29" .156" 250" SLL 
800 pf D801K29X5FLAAEC CE801 +10% .29" 256" * 250". SLL 
820 pf D821K29X5FLAAEC CE821 +10% 29" 156". 250" SLL 
001 uf }=DIO2K29X5FLAAEC CE102 £10% oo tee. * 250" ~"- SLL 
0012 uf D122K39X5FLAAEC CE122 +10% 39" .156" 2 =. SLL 
0015 uf D1I52K39X5FLAAEC CE152 +10% 39" A456" =. 250". ° SLL 
0018 pf DI82K39X5FLAAEC CE182 +10% 39" 156" .250" .. SLE 
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SERIES D ANDS 


50VDC through 6KVDC,EIA Class I, Il and Ill, General Purpose 
and Temperature Stable, Ceramic Disc Capacitors 


STANDARD STOCK [TEMS 
NEW DIST. CAP. TC MAX. MAX. LEAD LEAD 
CAP - PART NUMBER PART NUMBER TOL. CODE DIA. THICK. SPACE STYLE 
600 Volt DCW X5F (continued) 
?) 002 uf D202K39X5FLAAEC CE202 +10% XSF mS 156" .250" SLL 
® 0022 pf D222K39X5FLAAEC CE222 +10% X5F 39" 156" ZOU SLL 
Q .0033 pf D3832K47X5FLABEC CE332 +10% X5F 47" b56" By ho SLL 
= .0039 pf D3892K59X5FLABEC CE392 +10% X5F 59" .156" olo- SLL 
Re 0047 pf D472K59X5FLABEC CE472 +10% X5F 59" 156" 315" SLL 
© 005 pf +=D502K69X5FLABED CE502 +10% X5F .69" 156" 015), SLL 
© .0062 uf D622K69X5FLABED CE622 +10% X5F .69" .156" od SLL 
x=} .0082 pf D822K82X5FLABEC CE822 +10% X5F 82" :156" aT ow SLL 
% 01 pf D103K82X5FLABEA CE103 +10% X5F 82" 156" PCW io SLL 
3. 600 Volt DCW Z5P | 
<) 0012 uf D122K39Z5PLAAED CF122 +10% Z5FP KS i .156° .250" Se 
P. 0015 pf D152K39Z5PLAAED CF152 +10% Z5P 39" 150° 250" SLL 
.0018 pf D182K39Z5PLAAED CF182 +10% Lor 39" .156" .250" SLL 
002 uf }=D202K39Z5PLAAED CF202 +10% Z0F 9. 156" 200" SLL 
0022 uf D222K39Z5PLAAEC CF222 +10% Z5P 39" 156" 250" SLL 
.0033 pf D332K47Z5PLAAED CF332 +10% Zor a ia .156" .250" SLL 
.0039 pf D392K59Z5PLABED CF392 +10% Z5P 59" 156" fo SLL 
0047 uf D472K59Z5PLABED CF472 +10% Z5Pr .59" 156" of" SLL 
005 pf }=D502K59Z5PLABED CF502 +10% Lor 59" .156" aio SLL 
0062 pf D6E22K69Z5PLABED CF622 +10% Z5P .69" -156" 31D. SLL 
0082 uf D822K82Z5PLABED CF822 +10% Z5P 82" .156" ‘ofo: SLL 
01 uf D103K82Z5PLABED CF103 +10% Z5P 82" .156" ore. SLL 
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SERIES D AND S 
SOVDC through 6KVDC, EIA Class I, Il and Ill, General Purpose 
and Temperature Stable, Ceramic Disc Capacitors 


STANDARD STOCK ITEMS 
CAP NEW DIST. CAP. TC MAX. MAX. LEAD LEAD 2 
VALUE PART NUMBER PART NUMBER _ TOL. CODE DIA. THICK. SPACE STYLE 
1000 Volt DCW 
3.3 pf D339D20S2LNAAAL DD3R3 +0.5% S2L .20” + .156”’ = .250’" SLL 
5 pf D509K20S2LNAAAL DDO0O50 + 10% S2L 20” ~—«.156”’ ~—.250"" — SLL © 
6 pf D609K20S2LNAAAL DDO60 + 10% Sti 20" 156° 33.2507" SLL | 
6.8 pf D689K20S2LNAAAL DD6R8 + 10% S2L .20” .156”  .250” SLL = 
7 pf D709K20S2LNAAAL DDO70 + 10% S2L: .20” .156°.'*.250": SLL 3 
8 pf D809K20S2LNAAAL DD0O80 + 10% S2L .20” .156” .250” SLL Tr) 
10 pf D100K20S2LNAAAL DD100 + 10% S2L .20” .156” .250” SLL ?) 
12 pf D120K20S2LNAAAL DD120 + 10% S2L. .20”. 156" ::.--250"::- SLL a 
15 pf D150K20S2LNAAAL DD150 + 10% S2L .20” .156” .250” SLL 3 
18 pf D180K20S2LNAAAL 0DD180 + 10% S2L .20” 4.156” = .250” SLL © 
20 pf D200K20S2LNAAAL DD200 + 10% S2L .20” .156” .250” SLL a 
22 pf D220K20S2LNAAAL DD220 + 10% S2L .20” .156” .250” SLL iS 
24 pf D240K20S2LNAAAL DD240 + 10% S2L .20” .156”  ~ .250” SLL Vo) 
25 pf D250K20S2LNAAAL DD250 + 10% S2L .20” .156” .250” SLL 
27 pf D270K20S2LNAAAL DD270 + 10% S2L .20” .156” .250” SLL 
30 pf D300K29S2LNAAAL DD300 + 10% S2L .29” .156” .250” SLL 
33 pf D330K29S2LNAAAL DD330 + 10% S2L .29” .156” .250” SLL 
39 pf D390K29S2LNAAAL DD390 + 10% S2L .29” .156” .250” SLL 
47 pf D470K29S2LNAAAL DD470 + 10% S2L .29” .156” .250” SLL 
50 pf D500K29S3NNAAAL DD500 + 10% S3N  .29” .156” .250” SLL 
51 pf D510K29S3NNAAAL DD510 + 10% S3N  .29” 3 .156” = .250” SLL 
56 pf D560K29S3NNAAAL DD560 + 10% S3N  .29” 3 .156”" = .250” = SLL 
68 pf D680K29S3NNAAAL DD680 + 10% S3N _-.29””—s.156”"—s_- .250””—s SLL 
75 pf D750K29S3NNAAAL DD750 + 10% S3N  .29” = .156” ~=.250”” SLL 
82 pf D820K29S3NNAAAL DD820 + 10% S3N  .29” .156”" ~=.250”" ~ = SLL 
91 pf D910K29S3NNAAAL DD910 + 10% S3N  .29” .156” ~ .250” SLL 
100 pf D101K29S3NNAAAL DD101 + 10% S3N .29” .156” .250” SLL 
100 pf D101K29S3NNBEAL XXDD101 + 10% S3N .29” .156” .250” SLC 
100 pf D101K29S3NNTHAL _ + 10% S3N .29” .156” .200” IKC* 
120 pf D121K29S3NNAAAL DD121 + 10% S3N  .29” .156”" ~—-.250”"—s SLL 
130 pf D131K29S3NNAAAL DD131 + 10% S3N .29” = .156”" ~=.250” ~~ SLL 
150 pf D151K29S3NNAAAL DD151 + 10% S3N  .29” = .156” =—-.250”" = SLL 
180 pf D181K29S3NNAAAL DD181 + 10% S3N .29” 3.156”. ~—-.250”" ~— SLL 
200 pf D201K29S3NNAAAL DD201 + 10% S3N  .29” 3.156” —-.250”’~— SLL 
200 pf D201K29S3NNBEAB  XXDD201 + 10% S3N  .29” .156” ~—-.250”" ~— SLC 
220 pf D221K20Z5FNAAEM DD221 + 10% Z5F .20” .156” .250” SLL 
220 pf D221K20Z5FNBEEM XXDD221 + 10% Z5F  .20” .156".—-.250"" = SLC 
240 pf D241K20Z5FNAAEM DD241 + 10% Z5F. 20" $e 2250" = SLL 
250 pf D251K20Z5FNAAEM DD251 + 10% Z5F  .20” «.156” ~ # .250” SLL 
270 pf D271K20Z5FNAAEM DD271 + 10% 25F°. «20°: 156": -.250"" SLL 
300 pf D301K20Z5FNAAEM DD301 + 10% 25e 2! 56. * .250" --* SEL 
330 pf D331K20Z5FNAAEM DD331 + 10% 25F 20-156. :250" - SLL 
350 pf D351K20Z5FNAAEM DD351 + 10% 25F: 3 a Ser" > 250" SEL 
360 pf D361K20Z5FNAAEM DD361 + 10% ZF 3.20". 156" 250" * SLL 
390 pf D391K20Z5FNAAEM DD391 + 10% Z5F 3 3.20"> "156" °..250"... SLL 
400 pf D401K20Z5FNAAEM ODD401 +10% “oF .. a’ -: 156" 200 SLL 
*Tape and Reel Packaging 
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SERIES D AND S 
50VDC through 6KVDC, EIA Class I, Il and Ill, General Purpose 
and Temperature Stable, Ceramic Disc Capacitors 
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STANDARD STOCK ITEMS 
CAP. NEW DIST. CAP. TC MAX. MAX. LEAD LEAD 
VALUE PART NUMBER PART NUMBER _ TOL. CODE DIA. THICK. SPACE STYLE 
1000 Volt DCW 
470 pf D471K20Z5FNAAEM DD471 +10% Z5F .20" 156" .250" SLL 
470 pf D471K20Z5FNBEEM XXDD471 +10% ZF 20" 156" .250" SLC 
500 pf D501K29Z5FNAAEM DD501 +10% Zor 29" 156" 250" SLL 
500 pf D501K29Z5FNBEEM XXDD501 +10% ZOF 29" A156" 250": . SLC 
510 pf D511K29Z5FNAAEM DD511 +10% Z5F 29" 156" .250" SLL 
560 pf D561K29Z5FNAAEM DD561 +10% L5oF 29" 156" .250" SLL 
600 pf D601K29Z5RNAAEM DD601 +10% Z5R 20" 156" ..290"". SLL 
680 pf D681K29Z5RNAAEM DD681 +10% Z5R As i 156" 200"... SEL 
750 pf D751K29Z5RNAAEM- DD751 +10% Z5R .29" 156" :-200" SUL 
820 pf D821K29Z5FNAAEM DD821 +10% Z5F 29" 156" .250" SLL 
910 pf D911K29Z5RNAAEM DD911 +10% Z5R 29" 156" .:250"- SLL 
001 uf DIO2ZK29Z5FNAAEM DD102 +10% Zor 29" 196" #250". SLL 
001 uf }=D1I02K29Z5FNBEEM XXDD102 +10% Z5F 29" WoO ° 200" “SLC 
001 uf DIO2Z2K29Z5FNTHEM _ +10% Z5F 29" .156" .200" IKC* 
001 uf +D1I02P29Z5UNAAEM DD102G GMV Z5U 29" .156". .260" . SLL 
001 uf + D102P29Z5UNBEEM XXDD102G GMV Z5U 29" 156" 250". SLC 
0012 pf D1I22K389Z5RNAAEM DD122 +10% Z5R 39" 190"..”..200 °° SLL 
0013 pf D1I32K389Z5RNAAEM DD132 +10% Z5R 39" 156" .250" SLL 
0015 uf D1I52K39Z5RNAAEM DD152 +10% Z5R 39" 156" .250" SLL 
0015 uf D1I52P29Z5UNAAEM DD152G GMV Z5U 29" 156" .250". SLL 
0016 uf DI6G2K39Z5RNAAEM DD162 +10% Z5R 39" 156" .250" SLL 
0018 uf D1I82K39Z5RNAAEM DD182 +10% Z5R 39" 156" .250" SLL 
002 uf = D202M39Z5UNAAEM DD202 +20% Z5U 39" 156" .250" SLL 
002 uf + D202M39Z5UNBEEM XXDD202 +20% Z5U 39" 156" .250" SLC 
0022 uf D222M39Z5UNAAEM DD222 +20% Z5U 39" 156" .250" SLL 
0025 uf D252M39Z5UNAAEM DD252 +20% Z5U 39" 106° 2250" ::SLE 
0027 uf D272M39Z5UNAAEM DD272 +20% Z5U 39" 156°: 250" LL 
003 uf D802M39Z5UNAAEM DD302 +20% Z5U 39" 156" .250" SLL 
.0033 uf D332M39Z5UNAAEM DD332 +20% Z5U 39" 156" .250" SLL 
.0039 uf D392M39Z5UNAAEM DD392 +20% Z5U 39" 156" ...250" SLL 
004 uf +D402M39Z5UNAAEM DD402 +20% Z5U 39" 156" .250" SLL 
0043 uf D432M47Z5UNAAEM DD432 +20% Z5U 47" 156" .250" SLL 
0047 uf D472M47Z5UNAAEM DD472 +20% Z5U 47" 156". .250" SLL 
005 uf + D502M47Z5UNAAEM DD5022 +20% Z5U 47" 156" .250" SLL 
.005 »f + D502P59Z5UNABEM DD502 GMV Z5U 59" 156" 375" SLL 
005 pf +D502P59Z5UNBFEM XXDD502 GMV Z5U 59" 156" .375" SLC 
0056 uf D562M47Z5UNAAEM DD562 +20% Z5U AT" 156" .250" SLL 
.0068 uf D682M59Z5UNABEM DD682 +20% Z5U 59" 156” 375° .-"SLL 
0075 uf D752M59Z5UNABEM DD752 +20% Z5U 59" 156" -.375" Sil 
0082 uf D822M59Z5UNABEM DD822 +20% Z5U 59" 156" 375" SLL 
01 uf D103M59Z5UNABEM DD1032 +20% Z5U 09" 156° * .375°- Stu 
01 uf D103P69Z5UNABEM DD103 GMV Z5U .69" 156”: ..375".~ SLL 
01 uf D103P69Z5UNBFEM XXDD103 GMV Zo .69" 156" 375" SLC 
“Tape and Reel Packaging 
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SERIES D AND S 


50VDC through 6KVDC, EIA Class I, Il and Ill, General Purpose 
and Temperature Stable, Ceramic Disc Capacitors 


STANDARD STOCK ITEMS 
CAP. NEW DIST. CAP. TC MAX. MAX. LEAD LEAD 
VALUE PART NUMBER PART NUMBER — TOL. CODE DIA. THICK. SPACE STYLE 
1400 Volt DCW/150 Volt AC RMS, 60Hz 
0047 uf D472M82Z5UYAZAA _ DI472 +20% Z5U 82" =~ 240" = 375" ..; SLL 
01 uf =DIO383M82Z5UYAZAA  DI103 +20% Z5U.. 82"... 180"... 3875" SLL 
1600 Volt DCW 
.003 uf D802P59Z5UXAZAA DD16302 GMV ZOU. 89"... « 21 Fre 75". SLL 
005 uf DS502P59Z5UXAZAA DD16502 GMV 25U OO. Pe eee et O...', Sbke 
006 uf D602P69Z5UXAZAA DD16602 GMV Z5U° 69") S17: 875" SLL 
007 uf D702P69Z5UXAZAA DD16702 GMV Z5U BO" FSF, S65" SLL 
01 pf §=D103P82Z5UXAZAA DD16103 GMV Z5U * 82", shes. ago" SLL 
015 uf D153Z93Z5UXAZAA DD16153_ +80-20% ..-Z5U 93" 72? 2375" SLL 
3000 Volt DCW 
47 pf D479M33S2LRAAAL DD304R7 +20% S2L 33" 1808-290". SLL 
10 pf DIOOM33S2LRAAAL DD30100 +20% S2L. 33" 180" =.250" = SLL 
15 pf DISOM33S2LRAAAL DD30150 +20% S2L, ..33" 1808 5-250" SLL 
22 pf D220M33S3NRAAAL DD30220 +20% S3N 33" 180" = 250" =SLL 
30 pf D300M33S3NRAAAL DD30300 +20% S3N 33", .203" 250" = SLL 
33 pf D330M33S3NRAAAL DD30330 +20% S3N 33" = -.203"—-.250" = SLL 
47 pf D470M33S3NRAAAL DD30470 +20% S3N 33" 203" —-.250" = SLL 
90 pf DS500M33S3NRAAAL DD30500 +20% S3N_ 33", 203", 250" SLL 
68 pf D680M33S3NRAAAL DD30680 +20% S3N 33" 203", —-.250" = SLL 
82 pf D820M33S3NRAAAL DD30820 +20% S3N 33" .203"—-.250" SLL 
100 pf D101M33Z5URAAEM DD30101 +20% Z5U __—C«.33".. 203") = .250" = SLL 
150 pf D151M33Z5URAAEM DD30151 +20% Z5U —C¥ «83%, 208" ..250" SLL 
200 pf D201M383Z5URAAEM DD30201 +20% Z5U 33" =~ .203" = -.250" = SLL 
220 pf D221M383Z5URAAEM DD30221 +20% Z5U 33"... 2037-250" = SLL 
250 pf D251M33Z5URAAEM DD30251 +20% Z5U.. 33" | 208", 250" . SLL 
270 pf D271M33Z5URAAEM DD30271 +20% Z5U—s.33" 203" 250" = SLL 
300 pf D3801M33Z5URAAEM DD30301 +20% Z5U S33" .203"—=—-.250" = SLL 
330 pf D331M33Z5URAAEM DD30331 +20% Z5U = 33". 208F 250": SLL 
390 pf D391M33Z5URAAEM DD30391 +20% Z5U S33" .203" 250" = SLL 
470 pf D471M33Z5URAAEM DD30471 +20% Z5U 33" 203" ——-.250" ~=SLL 
500 pf D501M33Z5URAAEM DD30501 +20% Z5U 33" .203"——.250" = SLL 
680 pf D681M33Z5URAAEM DD30681 +20% Z5U S33" .203",—-.250" = SLL 
750 pf D751M33Z5URAAEM DD30751 +20% Z5U ~—s.33" ——.203"—-.250" = SLL 
820 pf D821M43Z5URAAEM DD30821 +20% Z5U- Ss .43" 203" —-.250" = SLL 
.001 uf D102M43Z5URAAEM DD30102 +20% Z5U-—s.43"—.203" 250" SLL 
0012 uf D122M43Z5URAAEM DD30122 +20% Z5U ~—.43"_—.203",—.250" ~~ SLL 
.0015 uf D152M63Z5URABEM DD30152 +20% Z5U-—SCi«BS"——i.203"— 375" SLL 
002 uf D202M63Z5URABEM DD30202 +20% Z5U S63". 208". 2.375" SLL 
0022 pf D222M63Z5URABEM DD30222 +20% Z5U S63" 203" —.375" SLL 
0027 uf D272M63Z5URABEM DD30272 +20% Z5U 68% 203%. 3375" SLL 
.003 pf D302M63Z5URABEM DD30302 +20% Z5U 69": 203" 375" +-SLL 
.0033 pf D332M63Z5URABEM DD30332 +20% Z5U-—si«.63"— 208" —.375" SLL 
.0039 uf D392M73Z5URABEM DD30392 +20% | Z5U 73" 208" 375" SLL 
.0047 uf D472M73Z5URABEM DD30472 +20% Z5U..- 73") 208" 878" SLE 
.005 pf }=D502M73Z5URABEM DD30502 +20% 25° TQM BOS" +s. SF SLL 
01 uf |§D103M96Z5URABEM DD30103 +20% Z6U - = 296". "203" .375" SLL 
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SERIES D ANDS 


S0VDC through 6KVDC, EIA Class I, II and Ill, General Purpose 
and Temperature Stable, Ceramic Disc Capacitors 


nurse IO 
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STANDARD STOCK ITEMS 

CAP. NEW DIST. CAP. TC MAX. MAX. LEAD LEAD 
VALUE PART NUMBER PART NUMBER _ TOL. CODE DIA. THICK. SPACE STYLE 
6000 Volt DCW 

10 pf D1O00M66S2LUABAL DD60100 +20% S2L _—_—.66" 313" = .375" SLL 
15 pf D1SOM66S2LUABAL DD60150 +20% S2L __—.66" 313"... 375" SLL 
30 pf D300M66S3NUABAL DD60300 +20% S3N __.66" SIs 2379": SEL 
39 pf D390M66S3NUABAL DD60390 +20% S3N 66" BIS? 3378! SLE 
47 pf . D470M66S3NUABAL DD60470 +20% S3N 66" O13". ..375":.SLL 
50 pf DS500M66S3NUABAL DD60500 +20% S3N  .66" 913%, 375": SLL 
75 pf D7SOM66S3NUABAL DD60750 +20% S3N — .66" 313" . .375" SLL 
82 pf D820M66S3NUABAL DD60820 +20% S3N 66" 319" =" 2379" © - SLL 
100 pf DIO1IM66S3NUAZAA DD60101 +20% S3N 66" 313". 375" SLL 
120 pf D121M66S3NUABAL DD60121 +20% S3N 66" 313" . 375" SLL 
150 pf D151M66S3NUABAL DD60151 +20% S3N 66" 313". 375" SLL 
180 pf D181M66Z5UUABEM DD60181 +20% Z5U .66" 313" .375" SLL 
200 pf D201M66Z5UUABEM DD60201 +20% Z5U .66" 313" 375" SLL 
220 pf D221M66Z5UUABEM DD60221 +20% Z5U .66" 1d) 3/5" * SLL 
250 pf D251M66Z5UUABEM DD60251 +20% Z5U .66" S13" 5 375" SLL 
300 pf D301M66Z5UUABEM DD60301 +20% Z5U C66" 313" =.375" SLL 
390 pf D391M66Z5UUABEM DD60391 +20% Z5SU ——sC«.66" StS". 375" SLL 
470 pf D471M66Z5UUABEM DD60471 +20% Z5U _—sC«.66" 313" 375" © SLL 
900 pf + D501M66Z5UUABEM DD60501 +20% Z5U ——C.66" 313" = .375" SLL 
750 pf D751M66Z5UUABEM DD60751 +20% Z5U __—C«.66" 313". 375" SLL 
820 pf D821M66Z5UUABEM DD60821 +20% Z5U _—_—C.66" 319": ..375" » SLL 
001 uf D1IO2M66Z5UUABEM DD60102 +20% Z5U __—«.66" 313" = .375" SLL 
0012 uf D122M66Z5UUABEM DD60122 +20% Z5U C66" S13" ..375". SLL 
.0015 pf D152M66Z5UUABEM DD60152 +20% Z5U __—.66" 313" = .375" SLL 
002 uf ©D202M76Z5UUABEM DD60202 +20% Z5SU C6" 313" 375" SLL 
0022 pf D222M76Z5UUABEM DD60222 +20% Z5U 16" 313" 375" SLL 
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Standard Disc Leadforms 


SLL SLC SOL 


031 Maximum rundown 
| with exposed ceramic (.010” 


5 


125 max 
' MAXIMUM Max) allowed at tangent line. MAXIMUM MAXIMUM 
ANTES rn © DIAMETER DIAMETER 
; Leads to be free of coating Seating Plane 
L a minimum of 010” above | 4 
seating plane. 
Prd a 
+.031 
+031 +.031 
Fig 1 leadform Fig 2 available on Fig 3 available on 
available on all sizes single disc con- single disc con- 
and voltages, Bulk struction, 1IKV max struction, 1KV max 
product only. rating, also avail. on rating, also avail. on 
Radial T & R. Radial T & R. 
OKC IKC Exposed, solder coated BBC 
= electrode. | 
MAXIMUM MAXIMUM MAXUMUM 
DIAMETER DIAMETER DIAMETER 
093 Max. 
187 Max 187 Max 


Fig 5 available on L 
single disc con- 
struction, all 


Fig 4 available on 
single disc con- 
struction, all 


ae 


+.031 +031 Radial T & R. +031 


Note: 1 inch = 25.4 mm 


Definition 


Form 


SLL= 


Straight Lead, Standard 


SLC = Straight Lead, Controlled Run-down 
SOL = Stand Off Lead 
OKC = Outside Kink 

IKC = Inside Kink 


BBC = Bare Body Construction 
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SERIES D AND S$ 


50VDC through 6KVDC, EIA Class I, Il and Ill, General Purpose 
and Temperature Stable, Ceramic Disc Capacitors 


Fig 6 available on 
single disc con- 
struction, on Voltage 
en, | eeerenet: 2 apap) ratings 12VDC 
| ! Voltages, Bulk Voltages; this is the 
S product only. | STANDARD form for | S | through SOOVDC, 


Bulk product only. 
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SERIES D AND S$ 


50VDC through 6KVDC, EIA Class I, Il and Ill, General Purpose 
and Temperature Stable, Ceramic Disc Capacitors 


WIRE FORMS AND SPACINGS AVAILABLE BY DISC SIZE. 


Packaging 


BULK 


RADIAL 
TAPE AND 
REEL 


176 


LeadForm/ 
Figure 


SLL/1 

SLL/1 

SLL/1 

SLL/1 

SLC/2 
SLC/2 
SLC/2 
SLC/2 
SLC/2 
SLC/2 
SOL/3 
SOL/3 
SOL/3 
SOL/3 
SOL/3 
SOL/3 
SOL/3 
OKC/4 
OKC/4 
OKC/4 
OKC/4 
IKC/5 

IKC/5 

IKC/5 

IKC/5 

IKC/5 

BBC/6 
BBC/6 
BBC/6 
BBC/6 
BBC/6 
BBC/6 


SLC/2 
SOL/3 
IKC/5 
SLC/2 
IKC/5 


Spacing 
(S) 


jor 
ear: 
200" 
BCT Ao 
Age" 
me a 
290" 
200" 
375" 
375" 
197" 
200- 
200" 
200" 
3135" 
polio 
375" 
290" 
200" 
Sto: 
315" 
AQT” 
200" 
200" 
oo 
375" 
290" 
290" 
200" 
375" 
375" 
19" 


lor 
ae 
197" 
200" 
200" 


Length 
(L) 


1.00 MIN 

1.00 MIN — 

1.00 MIN 

1.00 MIN 

1.00 MIN 
.197+.031/—.016 
1.00 MIN 
.187+.031/—.016 


1.50 MIN 


.187+.031/—.016 
A974-.031/4-.016 
1.00 MIN 
.165+.031/—.016 
.187+.031/—.016 
1.00 MIN 
.165+.031/-.016 
.187+.031/—.016 
1.00 MIN 
.187+.031/—.016 
1.00 MIN 
.187+.031/—.016 
A9f+.031/=016 
1.00 MIN 
.187+.031/—.016 
1.00 MIN 
.187+.031/-.016 
1.00 MIN 
.165+.031/—.016 
.187+.031/—.016 
1.00 MIN 
.165+.031/—.016 
.187+.031/—.016 


AWG/Dia 


22/.025 
24/.020 
22/.025 
221.025 
24/.020 
24/.020 
22/.025 
22/.025 
22/.025 
22/029 
24/.020 
221.025 
22/:025 
22/.025 
22/.025 
22/.025 
22/029 
22/.025 
22/.025 
22/020 
22/025 
22/.025 
22/.025 
22/.025 
22/.025 
22/.025 
22/025 
22/.025 
22/.025 
221.025 


22/.025 
22/.025 


H1IS 17 to 19.5MM 24/.020 


Ho IS 16 + .5MM 
Ho IS 16 + .5MM 


24/.020 
24/.020 


Ho IS 17 to 19.5MM 24/.020 


HIS 16 = .5MM 


24/.020 


Available on Size 
20 thru 47 
20 thru 59 
20 thru 59 
29 thru 96 
20 thru 59 
20 thru 47 
20 thru 59 
20 thru 47 
29 thru 93 
29 thru 93 
20 thru 47 
20 thru 47 
20 thru 47 
20 thru 47 
29 thru 93 
29 thru 47 
29 thru 93 
20 thru 47 
29 thru 47 
40 thru 93 
59 thru 93 
20 thru 47 
20 thru 47 
20 thru 47 
59 thru 93 
59 thru 93 
20 thru 47 
20 thru 47 
20 thru 47 
59 thru 93 
59 thru 93 
20 thru 93 


20 thru 47 
20 thru 47 
20 thru 47 
20 thru 47 
20 thru 47 


P/N Code 
MA 
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DISC CAP TAPE & REEL 


TAPE & REEL DIMENSIONS 

REFERENCE DIM’S 
DESCRIPTION SYMBOL METRIC DIMENSION IN INCHES 
Body Diameter (Discs) A 12,0Max .476ref 
Body Thickness T 4,0Max .157ref 
Wire Lead Dia. d .45/.65 #24 AWG Cu. g 
Taping Pitch P 12,7Ref .500ref 1") 
Feed Hole Pitch (Note 1) Po 12,7 + 0,3 (Note 1) .500ref a 
Feed Hole Off Alignment (200 L/5) P1/P2 3,85 + 0;7/6,35 = 13 .152ref/.25ref - 
Feed Hole Off Alignment (.250L/5) P1/P2 3.10 +0.6/6.35 +1.3 122 + .024/.25 +.051 S 
Lead Spacing F 0,0 + 0,8/—0.2 16.385 +0.7MM .197ref/.250ref ? 
Body Inclination h 0+1,0 0 + .039ref it 
Carrier Tape Width W 18,0 + 1,0/—0,5 ./09ref 3 
Adhesive Tape Width Wo 13,0Ref 51 2ref Oo. 
Feed Hole Ht off Alignment Wi 9,0 + 0,75/—0,5 354ref S 
Adhesive Tape Margin W2 3,02 3,0 .118ref P| 
Straight Lead Height H 17,0Min/19,5Max .67/.76ref % 
Lead Crimp Height Ho 16,0 + 0,5 .63ref 
Top of Component Height H1 23,0Min/32,25Max .91/1.27ref 
Clean, Parallel Lead Length H2 6,Oref .236ref 
Lead End Protrusion 1 2,0Max .078ref 
Feed Hole Diameter Do 40=+=03 .157ref 
Overall Tape Thickness t 0,9Max .035ref 
Rejected Component Cut Height L 10,0Max .394ref ‘ae — 954mm 


Note: 1 Inch = 25.4 mm 2. Cumulative pitch tolerance over 


20 consecutive units not to 
exceed +1.0mm. 

3. Dimensions meet requirements 

th defined in EIA RS468. 

4.“H2” defines the useable 
portion of the lead for insertion 
equipment purposes: the leads 
in this area to be straight and 
parallel. They shall be @ 90°+3° 
to the top edge of the carrier 
tape and shall also be parallel 
to each other to within 3° 
Deformation, if any, shall not 
exceed 3° 
H2 is the straight lead portion 
of any formed wire and the 
“Free of coating” area of any 
non-formed wire. 


OP Bp i a. 
Ea 7 == EL an 


The ‘1 
IKC 


Maximum Maximum 
Diameter Diameter 


Philips Components ° 7158 Merchant Avenue °« El Paso, TX 79915 « (915) 775-4242 « FAX: (915) 775-4249 177 


ssopoede?) 21ue4139 ro 


x AC FROM 25° C READING 


SERIES D AND $ 


50VDC through 6KVDC, EIA Class I, Il and Ill, General Purpose 
and Temperature Stable, Ceramic Disc Capacitors 


DISC CAPACITORS TYPICAL CHARACTERISTICS 


CAPACITANCE VS FREQUENCY 


x A IN CAPACITANCE — REF. kHz 


FREQUENCY IN kHz 
Z5V 


Z5U 
CAPACITANCE VS TEMPERATURE 


TT IAAT TT 
et | AT MIAL | 
ot | yy | 
et es Na 
yf \ 
Z| eT INI | 


= 
ZY | | | tt KN 
ZEN 


TEMPERATURE IN °C 
Z5U 


Z5V 


x AC 
| 
5 


Note: Class | Dielectrics vary with temp- 
erature on a PPM/°C basis. See Chart 
on disc part number system page. 


CAPACITANCE VS DC a 


ALL T.C. cee SE —-——-— 
XSP 
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x AC FROM 25° C READING 


x A IN CAPACITANCE — REF. kHz 


H 
4 
‘ 
SAKE re pata, x Se ea, <i ee pear a 


OOP anal ia 
SU Ui 
LE a 
CUE i 


XSF 


SERIES S 


Gap-Kap; 1000VDC through 3000VDC, Capacitor—Spark—Gap, 


Special Application Ceramic Capacitors Ey 


DESCRIPTION: 


Series S Gap-Kap® capacitors provide a safe, 
reliable discharge path for stray transient over- 
voltages and static voltage build-up. Combination 
capacitor-spark-gap construction allows the 
Circuit designer to specify lower voltage compo- 
nents and consequently lower cost, with the 
assurance that over-voltage conditions will be 
prevented. 


The Gap-Kap® capacitor is ideally suited for many 
industrial and commercial equipment applica- 
tions. A typical application in color TV, utilizes 
a minimum capacitance Gap-Kap® which is 
inserted between the grid lead and chassis 
ground. This protects the control components 
by providing a low impedance path to ground 
for transient voltages of 1500 volts and above. 


SPECIFICATIONS: 


CAPACITANCE RANGE: 

.75pf to .02mf. Tested at 1.0+.2VRMS at 1KHz 
at. +25°C: 

CAPACITANCE TOLERANCE: 

+10%. +20% or Maximum Value, as listed. 
WORKING VOLTAGE: 

1000, 1500 or 3000 volts DC as listed. 


ARC VOLTAGE: 

1000-2000, 2000-3000 or 4000-6000 volts DC 
as listed. 

DISSIPATION FACTOR: 

2.5% Max. Tested at 1.0+.2VRMS at 1KHz at 
+25°C. 

INSULATION RESISTANCE: — 

10,000 megohms minimum. Tested at 500 volts 
DC maximum. 

TEMPERATURE CHARACTERISTIC: 

EIA code Z5P or Z5U as listed. See “Capacitance 
vs. Temperature” for specifications. 
OPERATING TEMPERATURE RANGE: 

—55°C to +85°C 

ENCAPSULATION: 

Phenolic resin. 

LEADS-CONFIGURATION: 


Tinned wire. Type SLL, see drawing for dimensions. 


MARKING: 

Philips Components diamond, Gap-Kap,® capac- 
itance value, capacitance tolerance or code 
letter (K = +10%, M = +20%), working voltage, 
arc voltage and EIA temperature characteristic 
code as space permits GAP-R75 marked with 
arc voltage and trademarks only. 


PACKAGING: Bulk Packed. 
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SERIES S$ 


Gap-Kap; 1000VDC through 3000VDC, Capacitor—Spark—Gap, 
Special Application Ceramic Capacitors 


MAX. 
HEIGHT 
MAX 1.25 MAX. 
2) (3,17) 
© TANGENT 
g LINE 
3 1.0 MIN | 
Sep - 
° (25,40) Pea aL 3 
g 0,32 (0,813) DIA. 
% | 
3 
 T) S + .063 S| 
Qo (1,60) 
9 
> | 
a) 
STANDARD STOCK LISTING 
VOLTAGE VOLTAGE 
NEW DIST. CAP WORKING ARC TC MAX. MAX. MAX. LEAD LEAD 
CAP. PART NUMBER PART NUMBER ___ TOL. KVDC KVDC CODE DIA. HT. THICK SPACE STYLE 
Spark-Gap Capacitor | 
15 pf S758X44000NAZAA  GAPR75 Max Value 1 1-2 * 44" 620" .250" .250" SLL 
.001 mf S102M40Z5PNAZAA GAP102 +20% 1 2-3 Z5P_ —_—.40”" 545" 195" .250" SLL 
.004 mf S402K96Z5PRAZAA GAP402 +10% 3 4-6 Z5P 96" 1.060" .216" .375" SLL é 
.01 mf S103M69Z5UNAZAB GAP103 +20% LS 2-3 Z5U __—.69" .o0' .195" .3/75" SLL : a 
.02 mf S203M93Z5UNAZAA GAP203 +20% 1 2-3 Z5SU- 93" = 1.060" .216" 375" “SLL . 
“Inherent capacitance of leads, no disc capacitor used. Note: 1 Inch = 25.4 mm oe 
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SERIES S-UL 
125VAC, 250VAC, and 400VAC, UL, CSA, and VDE Listed 
Ceramic Disc Capacitors 


Type DL Capacitors: 
UL: File No. E95439(N) per UL-1414, 250VAC 
CSA: File No. LR61253—4 per CSA C22.2 
Class 2221 01, 125VAC 
VDE: File No. 49936/49937 per VDE 0560 
part 2/5.70, 400VAC 


Type DM Capacitors: © 
UL : File No. E95439(N) per UL-1414, 125VAC a 
| CSA : File No. LR61253—4 per CSA C22.2 3 
\ \ — : class 2221 01, 125VAC ~ 
‘ — — VDE : File No. 53134/55424, 125VAC 4 
Philips Components safety-recognized Ceramic AC 
Capacitors are designed especially for across- MECHANICAL: 2 
the-line, antenna-coupling and line-by-pass [ypical Marking: oo, g 
aeploatcn Cspackance and francs ; 
ELECTRICAL: Safety Approval Mark w 
Operating Temperature Range: —30°C to +85°C Encapsulation: Expoxy Resin, 
Capacitance Range: 100 pF to 0.01yF Flammability 94V-0 
Tested at 1.0 + 0.2V RMS, +25°C and 1KHz. Disc Size and Lead Style: 
Capacitance Tolerance: See Figure Below 
K = £10% (100pF to 330pF) Note: 1 Inch = 25.4mm 
M = +20% | 
Z = +80% —20% 
Working Voltage: 
Type DL: 125/250/400VAC, 50/60Hz 0 295 min. 
a Type DM: 125VAC, 50/60Hz 9) 
~~. Dielectric Strength: 
~~ Type DL: 2500VAC for 60 seconds 
Type DM: 1800VAC for 2 seconds 
Dissipation Factor: =m ax 
2.0% max. at 1.0 + 0.2V RMS, +25°C and 1KHz 
Insulation Resistance: 
10,000 Megohms min. at 500VDC | | 
Temperature Characteristics: 
Z5P (also meet Y5P): 100pF up to 330pF 
Z5U (also meet Y5V): over 330pF up to .01 uF 10 ie 
Others: per UL/CSA/VDE standards (25.4) a 
(0.79 = 0.05) 


INCH 


INCH (MILLIMETER) 
(MILLIMETER) 
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CERAMIC CAPACITOR PART NUMBER SYSTEM 
Special Application Series S-UL, CSA, VDE 


a a ee 


S 102 M 43 Z5U Q AW ST 


S Special Capacitors 


CAPACITANCE VALUE 
First two digits are 
significant, third digit 


is a multiplier as follows: 
1x10 Example: 
2x 100 102 = 10 x 100 = 
3 x 1000 1000 pF 


Tolerance Code: 
K+ 10% 
M + 20% 
P +100/—0% 
Z +80/—20% 


43 
52 
66 
73 
76 
79 


.330"Dia x.240'Thick 
.430"Dia x.240'Thick 
.520"Dia x.240'Thick 
.660"Dia x.240'Thick 
.130"Dia x.240'Thick 
./60"Dia x.240'Thick 
.190"Dia x.240'Thick 
.860"Dia x.240'Thick 
.960"Dia x.203'Thick 


Temperature Characteristic per EIA RS-198 
Z5P + 10% Max AC 

Z5U +22/-—56% Max AC 
both over Temperature Range of 
+10°C to +85°C 


Note: 1 inch = 25.4 mm 


Note: Above Numbering System is for STANDARD PRODUCT. 


Q 250 VAC, 60Hz 
Y 125 VAC, 60Hz 
Note: Q used for 

400 V per VDE. 


ST UL/CSA/VDE Testing 
Performed 


AW Bulk, .250" Spacing, 
1.0" Long, Tinned 
Copper, .032" Dia Wire 

AX Bulk, .375" Spacing, 

1.0"Long, Tinned. 

Copper, .032” Dia Wire 
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SERIES S-UL 


125VAC, 250VAC, and 400VAC, UL, CSA, and VDE Listed 
Ceramic Disc Capacitors 


SERIES S-UL 
STANDARD STOCK LISTING* 


CAPACITANCE 125 VOLT DL (DM) SERIES 250/400 VOLT DL SERIES 
DISTRIBUTOR DISTRIBUTOR 
Vaiue Tolerance NEW PART NUMBER PART NUMBER NEW PART NUMBER PART NUMBER 


+ 10% 
+ 20% 
+ 20% 
+80-20% 
+ 20% 
+80-20% 
+ 10% 
+ 20% 
+ 20% 
+80-20% 
+ 20% 
+80-20% 
+ 10% 
+ 20% 
+ 20% 
+80-20% 
+ 10% 
+ 20% 
+ 20% 
+80-20% 
+ 20% 
+80-20% 
+ 20% 
+80-20% 
+-20% 
+80-20% 
+ 20% 
+80-20% 
+ 20% 
+80-20% 
+ 20% 
+80-20% 
+ 20% 
+80-20% 


S101K33Z5PYAWST 
S101M33Z5PYAWST 
S102M43Z5UYAWST 
S102Z43Z5UYAWST 
S103M96Z5UYAXST 
S103Z96Z5UYAXST 

S151K33Z5PYAWST 
$151M33Z5PYAWST 
S152M52Z5UYAXST 
S152Z52Z5UYAXST 

S182M66Z5UYAXST 
S182Z66Z5UYAXST 

S221K43Z5PYAWST 
S221M43Z5PYAWST 
S222M66Z5UYAXST 
S222Z66Z5UYAXST 

$331K43Z5PYAWST 
$331M43Z5PYAWST 
S332M76Z5UYAXST 
$332Z76Z5UYAXST 

S471M43Z5UYAWST 
$471Z43Z5UYAWST 
S472M/76Z5UYAXST 
S472Z76Z5UYAXST 

S512M/6Z5UYAXST 
S512Z76Z5UYAXST 

S561M43Z5UYAWST 
S561Z43Z5UYAWST 
S681M43Z5UYAWST 
$681Z43Z5UYAWST 
S682M79Z5UYAXST 
S682Z79Z5UYAXST 

S822M86Z5UYAXST 
S822Z86Z5UYAXST 


DL 125-101 K 
DL 125-101 M 
DL 125-102 M 
DL 125-102 Z 
DL 125-103 M 
DL 125-103 Z 
DL 125-151 K 
DL 125-151M 
DL 125-152 M 
DL 125-1522 
DL 125-182 M 
DL 125-182 Z 
DL 125-221 K 
DL 125-221 M 
DL 125-222 M 
DL 125-222 Z 
DL 125-331 K 
DL 125-331 M 
DL 125-332 M 
DL 125-332 Z 
DL 125-471 M 
DL 125-471 Z 
DL 125-472 M 
DL 125-472 Z 
DL 125-512 M 
DL 125-512 Z 
DL 125-561 M 
DL 125-561 Z 
DL 125-681 M 
DL 125-681 Z 
DL 125-682 M 
DL 125-682 Z 
DL 125-822 M 
DL 125-822 Z 


S101K33Z5PQAWST 
S101M33Z5PQAWST 
$102M43Z5UQAWST 
$102Z43Z5UQAWST 


S151K33Z5PQAWST 
S151M33Z5PQAWST 
S152M52Z5UQAWST 
$152Z52Z5UQAWST 
S182M66Z5UQAWST 
$182Z66Z5UQAWST 
$221K43Z5PQAWST 
S221M43Z5PQAWST 
S222M66Z5UQAWST 
S222Z66Z5UQAWST 
$331 K43Z5PQAWST 
$331M43Z5PQAWST 
S332M76Z5UQAWST 
$332Z76Z5UQAWST 
S471M43Z5UQAWST 
$4712 43Z5UQAWST 
S472M/76Z5UQAWST 
$4722 76 ZSUQAWST 
S512M76Z5UQAWST 
$512Z76Z5UQAWST 
S56 1M43Z5UQAWST 
$561Z43Z5UQAWST 
S681M43Z5UQAWST 
$68 1Z43Z5UQAWST 


DL 250-101 K 
DL 250-101 M 
DL 250-102 M 
DL 250-102 Z 


DL 250-151 K 
DL 250-151 M 
DL 250-152 M 
DL 250-152 Z 
DL 250-182 M 
DL 250-182 Z 
DL 250-221 K 
DL 250-221 M 
DL 250-222 M 
DL 250-222 Z 
DL 250-331 K 
DL 250-331 M 
DL 250-332 M 
DL 250-332 Z 
DL 250-471 M 
DL 250-471 Z 
DL 250-472 M 
DL 250-472 Z 
DL 250-512 M 
DL 250-512 Z 


DL 250-561 M 


DL 250-561 Z 
DL 250-681 M 
DL 250-681 Z 


s4opizedey) 21ues3ay 


*Other parts available—contact factory representative. 
NOTE: These capacitors should be used per the appropriate UL, CSA or VDE standard. Those standards may differ in test methods. 
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SERIES U 


Ultra-Kap? 3VDC through 100VDC, Low Voltage EIA Class IV 


DESCRIPTION: 


Philips Components Ultra-Kap® capacitors provide 
many advantages when compared to ordinary 
ceramic capacitors. Their unique semi-conductor 
design allows for the maximum in capacitance 
while retaining the miniature size required for 
today’s ever decreasing printed circuit board sizes. 


Three types of Ultra-Kap®’s are being offered 


1. 8V: 
These units have the highest capacitance den- 
sity of all disc capacitors; the Standard Toler- 
ance is GMV (+100/—0%); Std TC is Y5T. 

2. Ultra-Kap® I: 
This is the most commonly used Class IV 
capacitor; Standard Tolerance is +/—20%, units 
are also available with +80/—20% tolerance. 

3. Ultra-Kap® Il: 
These units, available with both +/—20% and 
+80/—20% tolerance and with Standard TC of 
Y5T, have the advantage of being able to with- 
stand, for up to 5 seconds, a DC Voltage as 
high as twice their rated Voltage. They are also 
available with voltage ratings as high as 100VDC 
and typically they are one Standard Size 
SMALLER than an equivalent UKI for a given 
voltage and Capacitance combination. 


184 


ELECTRICAL PARAMETERS: 


CAPACITANCE: 
Measured @ 1KHz @ 0.1VRMS max. @ 25°C. 
DISSIPATION FACTOR: 
Measured @ 1KHz @ 0.1VRMS Max. @ 25°C. 
DIELECTRIC STRENGTH: 
Ultra-Kap® |: Rated Voltage 
Ultra-Kap® Il: 200% of Rated Voltage 
INSULATION RESISTANCE: 
Per EIA RS-198C; IR is specified as MegOhm- 
MicroFarad Product by Voltage: 

3V Rated Parts: .004M0QO uF 
12V Rated Parts: .04MQOwuwF 
16V Rated Parts: .10MOwF 
25V Rated Parts: 1.0MQyuF 
50, 75 and 100V Rated Parts: 10.0 MQwF 
Refer to Standard Stock Listing. 
For Standard Stock Part IR ratings, see Listing. 
ENCAPSULATION: 
Phenolic Resin, Green colored. 
OPERATING TEMPERATURE RANGE: 
—55°C to +125°C for 12, 16, 25, 50, 75 and 
100V Rating, 
—55°C to +85°C for 3V Rating. 
MARKING: 
Philips Components Logo (Diamond Shape), Capa- 
citance Value (in Micro-Farad or Pico-Farad), EIA 
Capacitance Tolerance Code, Rated Voltage (for 
Voltage ratings other than 500/600VDC), EIA 
Temperature Characteristic (In this order, as size 
permits); 
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SERIES U 


PACKAGING: LEADFORMS: 

Both Bulk and Radial Tape and Reel (per EIA Bulk Product available in variety of Forms, 

RS-468) product is available. Taped and Reeled Spacings, Lengths and Wire Diameters. Taped 

product available on 2000 pcs. Reels only. and Reeled Product available with 5MM (.197") 
Nominal Spacing, #24AWG CCS Wire, IKC 
(Standard), SOL or SLC Leads. 


ULTRA-KAP® RANGE CHARTS © 
Size and Electrical Code % 
Type of UK 3V.-UKI_—sCUKIT,s«UKI.-—s«UKII.SsUKI-—s«UKIT,SCUKIs«UKI UK 3 
Voltage 3 2 12 6 #6 2 2 5 #450 «75 S' 
Voltage Code A B B C C E E F F G gy 
Maximum DF 10% 7% 7% 5% 5% 5% 5% 5% 5% 5% 2 
103 20KM 20KH 20KW 20KW 20KW 20NW 27LJ 20LJ 27LJ g 
153 27KH 27KH 27KH 27KU 27KU 27NU 4OLJ 27LJ 40LJ 2. 
183 27KH 27KG 27KG 27KU 27KU 27NU 4OLJ 27LJ 40LJ 9 
293 27KG 27KF 27KF 27KU 27KU 27NU 47LJ 27LJ 47LJ P 
333 27KF 27KC 27KE 27KU 40KR 27NU 47LJ 40LJ 47LJ 
473 27KC 27JY 40KE 40KY 40KP 4ONY 59LJ 40LJ 59LJ 
EIA 503 27JY 27JY 40KE 40KY 40KP 4ONY 59LJ 40LJ 59LJ 
oe ee 683 40KC 27KC 40KD 40KY 47KN 40NY 69LJ 47LJ 69LJ 
104. 207K 40JY 40KC 47KC 40KY 59KM 4ONY 82LJ 59LJ 69LJ 
154. 29TH 47JY 47KC 59KA 47KM 69KJ 47NM 69LJ 
224. 29TH 59JX 5QUX 69JX 59KM 82KG 59NM 82LJ 
334  40TG 69JW 69JW 82JW 82KM 82NM 
474 40TF 82JUW 82UuW Note: 1 Inch = 25.4 mm 
684  59TE 
105 = 59TD 
225 + 821B 


The last two digits in this chart represent 
the electrical detail code, needed for 


at P/N assignment, while the first two digits 
f 
Available Temperature Characteristics by Type o Ct sees 


UK MTL. 

Size Dia. 
EIA EIA EIA 
TC TC TC 20 = .197" dia. 
Code Material Code Material Code Material 27 = .290" dia. 
Rae es SIT ee |e 39 = 394" dia. 
XSR_ UK! YSP UKi SSP OK 40 = .400" dia. 
X5S_ UKI Y5R_ UKI Z5R_ UKI 47 = .472" dia. 
X5T UKI Y5S__UKI Z5S_ UK! ss “ po a 
aaare Cie cos tates ae LaCie a ia. 
X5U UKI,UKI! = Y5T UKI,UKII3V Z5T — UKI,UKII po aoa ae 
X5V_ UKI,UKI| = Y5U__UKI,UKII Z5U_ _UKI,UKIl 
X7S_ UKI = YSV_UKI,UKIT, = Z5V_—UKI,UKI 
X7T UKE 
X7U__UKI,UKII 
X7V__UKI,UKII 
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CERAMIC CAPACITOR PART NUMBER SYSTEM 
ULTRA-KAP® Disc Capacitors 


Cn, 


U 104 M 40 YSP B TH JY 


U Ultra-Kap Capacitors 


Temperature Characteristic per EIA RS-198 
First Digit Second Digit pecans 
CAPACITANCE VALUE is Lower isHighest =a owed 
First two digits are Temperature Temperature 5. soy, 
significant, third digit X -55°C 4 +65°C R +15% 
is a multiplier as follows: Y -30°C 5 +85°C S +22% 
2x100 Example: Z +10°C 6 +105°C 


oT «+22/-33% 
alee UU +22/-56% 
V +22/-82% 


Changes in Capacitance are all using the 
25°C Cap. Value as reference Point. 


3x1000 104=10x10000= 


4 x10000 100000pF 
3 x100000 


e 
< 
2 
3 
°' 
ey 
° 
+ 
: 
w 


Tolerance Code: 

M +20% 

P +100/-0% (GMV) 
Z -+80/-20% 


3VDC 
12VDC 
16VDC | 
25VDC 
SOVDC 
75VDC 
100VDC 


.197"Dia x.156'’ Thick 
29 .290"Dia x.156"Thick 
39 .394"Dia x.156'" Thick 
40 .400"Dia x.156"Thick 
47 .472"Dia x.156"Thick 
99 .590"Dia x.156'" Thick 


69 .690"Dia x.156'" Thick Space Length ia. Pack 
.820"Dia x.156'"Thick i" rVT 

my; ae .250 1.0"Min Bulk 

.920"Dia x.156'"Thick 375" 1.0" Min Bulk 

Note: 1 inch = 25.4mm .250" .187 Bulk 


ar5" .187" Bulk 
250" AS" Bulk 
oD: .187" Bulk 
250" 187" Bulk 
315° ASI” Bulk 
.250" 187" Bulk 
aro 187" Bulk 
200" .146" Bulk 
15" .146" Bulk 
.200" .146" Bulk 
250" .180" Bulk 
375" .180" Bulk 
300" .180" Bulk 
.200" 1.00"Min Bulk 
.200" 1.00"Min Bulk 
250" Ho-18MM Tape&Reel 
.250" Ho-16MM Tapeé&Reel 
.200" Ho-16MM Tape&Reel 
.200" Ho-16MM Tape&Reel 
.200" Ho-18MM Tape&Reel 


Note: Above Numbering System is for STANDARD PRODUCT. 
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SERIES U 


Ultra-Kap; 3VDC through 100VDC, Low Voltage EIA Class IV 


NEW 
CAP PART NUMBER 
- Ultra-Kap 3 Volt DCW Y5T 
1 mf U104P20Y5TAAATK 
22 mf U224P40Y5TAAATH 
47 mf U474P40Y5TAAATF 
1.0 mf U105P59Y5TAABTD 
2.2 mf U225P82Y5TAABTB 
12 Volt DCW Y5S 
05 uf U503M29Y5SBAAJY 
05 uf U503M29Y5SBTHKC 
05 uf U503M29Y5SBBEJY 
05 uf U503Z29Y5SBAAJY 
fal uf U104M40Y5SBAAJY 
Auf U104M40Y5SBTHJY 
: U104M40Y5SBBEJY 
U104Z40Y5SBAAJY 
U204M59Y5SBABUX 
U204Z59Y5SBABUX 
U474M82Y5SBABJT 
| U474M82Y5SBBFJT 
47 uf . | U474Z282Y5SBABJT 
16 Volt DCW Y5S 
01 uf U103M20Y5SCAAKH 
01 uf U103M20Y5SCBEKH 
022 uf U223M29Y5SCAAKF 
022 uf U223M29Y5SCBEKF 
033 pf U333M29Y5SCAAKF 
033 jf U333M29Y5SCBEKF 
05 uf U503M39Y5SCAAKE 
05 uf U503M39Y5SCBEKE 
068 pf U683M40Y5SCAAKD 
1 pf U104M47Y5SCABKC 
1 uf U104M47Y5SCBFKC 
15 uf U154M59Y5SCABKA 
15 uf U154M59Y5SCBFKA 
2 uf U204M69Y5SCABUX 
2 uf U204M69Y5SCBFJX 
3 uf U304M82Y5SCBFJW 
3 uf U304M82Y5SCABJW 
25 Volt DCW Y5S 
01 uf U103M20Y5PEAAKW 
01 uf U103M20Y5PETHKW 
01 uf U103M20Y5PEBEKW 
022 uf U333M40Y5PEAAKR 
022 uf U223M29Y5PEBEKF 
033 uf U503M40Y5PEAAKP 
.033 pf U333M40Y5PEBEKR 
05 uf U223M29Y5PEAAKU 
05 uf U503M40Y5PETHKP 
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DIST. 


PART NUMBER 


UK104 
UK224 
UK474 
UK105 
UK225 


UK12503 
XXUK12503 
UK10-503 
UK12104 
XXUK12104 
UK10-104 
UK12204 
UK12474 
XXUK12474 


UK16103 
XXUK16103 
UK16223 
XXUK16223 
UK16333 
XXUK16333 


. UK16503 


XXUK16503 
UK16683 
UK16104 
XXUK16104 
UK16154 
XXUK16154 
UK16204 
XXUK16204 
UK16304 
XXUK16304 


UK25103 
XXUK25103 
UK25223 
XXUK25223 
UK25333 
XXUK25333 
UK25503 


CAP. 
TOL. 


GMV 


+20% 
+20% 
+20% 
+80-20% 
+20% 
+20% 
+20% 
+80-20% 
+20% 
+80-20% 
+20% 
+20% 
+80-20% 


+20% 
+20% 
+20% 
+20% 
+20% 
+20% 
+20% 
+20% 
+20% 
+20% 
+20% 
+20% 
+20% 
+20% 
+20% 
+20% 
+20% 


+20% 
+20% 
+20% 
+20% 
+20% 
+20% 
+20% 
+20% 
+20% 


STANDARD STOCK LISTING 
MIN. 
EA: 
MAX. MAX. LEAD LEAD MEG MAX. 
DIA. THICK. SPACE STYLE OHMS D.F. 
.20" .190" 250" SLL 04 10% 
40" .190" .290" SLL 02 10% 
40" .190" .200" SLL .008 10% 
09" .156" 375" SLL 004 10% 
82" .156" 375" SLL .002 10% 
rs .156" .250" SLL 0.5 7% 
29. .140" .200" IKC* 0.5 7% 
i .156" 250" SLC 0.5 7% 
Ps: .156" .290" SLL 0.5 7% 
40" .156" 290" SLL 0.5 7% 
40" .140" .200" IKC* 0.5 7% 
40" .156" .250" SLC 0.5 7% 
-40” 156" .200" SLL 0.5 7% 
59" .156" 375" SLL 0.4 7% 
59" .156" 375" SLL 0.4 7% 
B . Tag .156" 375" SLL 0.2 7% 
82" .156" 375" SLC 0.2 7% 
82" .156" hy SLL 0.2 7% 
.20" 156" 250" SLL 9.0 5% 
.20" .156" 290" SLC 5.0 3% 
2g" 156" 290" SLL 3.0 5% 
29" 190" .250" SLC 3.0 5% 
>" 156" 200" SLL 3.0 3% 
.29" 156" 200" SLC 3.0 3% 
39" 156" 250" SLL 2.0 0% 
A .156" 250" SLC 2.0 5% 
40" .156" 290" SLL 1.5 5% 
47" .156" 375" SLL 1.0 5% 
47" .156" 375" SLC 1.0 5% 
09" .156" 375" SLL 6 5% 
09" .156" 3/5" SLC 6 5% 
.69" 156" 315" SLL 4 5% 
.69" 156" 375" SLC 4 5% 
Ba .156" 315! SLL 3 3% 
62" 156" 375" SLC 3 5% 
.20" .156" .250" SLL 65 5% 
0" .140" .200" IKC* 65 3% 
.20" .156" .290" SLC 65 5% 
4 .156" .250" SLL 45 5% 
PAS .156" .250" SLC 45 5% 
40" S56" .250" SLL 30 5% 
40" .156" .250" | SLC 30 5% 
.40" .156" .250" SLL 20 5% 
40" 140" .200" IKC* 20 5% 
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SERIES U 


Ultra-Kap® 3VDC through 100VDC, Low Voltage EIA Class IV 


STANDARD STOCK LISTING 
MIN. 
I.R. 
NEW DIST. CAP. MAX. MAX. LEAD LEAD REG MAX. 
CAP. PART NUMBER PART NUMBER TOL. DIA. THICK. SPACE STYLE OHMS D.F. 
.05 uf U503M40Y5PEBEKP XXUK25503 +20% 40" .156" 250" SLC 20 5% 
05 pf U503Z40Y5PEAAKP _ +80-20% .40" .156" .250" SLL 20 5% 
068 uf U683M47Y5PEAAKN UK25683 +20% 47" .156" .250" SLL 15 5% 
068 xf U683M47Y5PEBEKN XXUK25683 +20% 47" .156" .250" SLC 15 5% 
1 uf U104M59Y5PEABKM UK25104 +20% 59" .156" Krew SLL 10 5% 
1 uf U104M59Y5PEBFKM XXUK25104 +20% 59" .156" Oro” SLC 10 5% 
1 pf U104Z59Y5PEABKM -~ +80-20% .59" .156" 375" SLL 10 5% 
15 uf U154M69Y5PEABKJ UK25154 +20% .69" 156" — 319" SLL 6 5% 
15 uf U154M69Y5PEBFKJ XXUK25154 +20% .69" .156" 3/5" SLC 6 5% 
2 uf U204M82Y5PEABKG UK25204 +20% 82" .156" oro. SLL 4 5% 
2 pf U204Z82Y5PEABKG +80-20% .82" .156" oro SLL 4 5% 
50 Volt DCW Y5P 
01 pf U103M29Y5PFAALJ UK50103 +20% 29" .156" .250" SLL 1000 5% 
01 uf U103M29Y5PFTHLJ _ +20% .29" .140" .200" IKC* 1000 5% 
01 yf U103M29Y5PFBELJ XXUK50103 +20% 29" 156" 200" SLC 1000 5% 
015 uf U153M40Y5PFAALJ UK50153 +20% .40" .156" .250" SLL 1000 5% 
015 uf U153M40Y5PFBELJ XXUK50153 +20% .40" .156" .250" SLC 1000 5% 
022 uf U223M47Y5PFAALJ UK50223 +20% 47" .156" .250" SLL 1000 5% 
022 uf U223M47Y5PFBELJ XXUK50223 +20% 47" .156" 200 SLC 1000 5% 
033 uf U333M47Y5PFABLJ UK50333 +20% 47" .156" igs SLL 1000 5% 
033 pf U333M47Y5PFBFLJ XXUK50333 +20% 47" .156" ii SLC 1000 5% 
047 uf U473M59Y5PFABLJ UK50473 +20% Re) i .156" ole SLL 1000 5% 
047 uf U473M59Y5PFBFLJ XXUK50473 +20% OO" .156" RCW As is SLC 1000 5% 
.05 uf U503M59Y5PFABLJ UK50503 +20% 59" .156" 15" SLL 1000 5% 
.05 uf U503M59Y5PFBFLJ XXUK50503 +20% 9" .156" OLD” SLC 1000 5% 
068 uf U683M69Y5PFABLJ UK50683 +20% .69" .156" 375" SLL 1000 5% 
068 uf U683M69Y5PFBFLJ XXUK50683 +20% .69" 150° 015" SLC 1000 5% 
1 uf U104M82Y5PFABLJ UK50104 +20% 62° .156" fo" SLL 1000 5% 
1 ouf U104M82Y5PFBFLJ XXUK50104 +20% 82" .156" 375" SLC 1000 5% 
Ultra-Kap Il 75 Volt DCW Y5U 
01 yf U1038Z29Y5UGAAPK UKZ75103 +80-20% .29" .156" .250" SLL 5000 5% 
.018 uf U183Z40Y5UGAAPK UKZ75183 +80-20% .40” .156" .250" SLL 5000 5% 
022 uf U223Z47Y5UGAAPK UKZ75223 +80-20% .47" .156" 200" SLL 5000 5% 
033 yf U333Z59Y5UGABPK UKZ75333 +80-20% .59" .156" Roy gem SLL 5000 5% 
1 oyuf U104Z69Y5UGABPK UKZ75104 +80-20% .69" .156" 0/0" SLL 5000 5% 
100 Volt DCW Y5T 
01 pf U103M29Y5THMBLK _ +20% 29" .156" 197" SLL 5000 5% 
* Tape & Reel Packaging 
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SERIES U 


Ultra-Kap® 3VDC through 100VDC, Low Voltage EIA Class IV 


ULTRA-KAP® DISC CAPACITOR CHARACTERISTICS 


SOLDER 
SOLDER 
ee —— COATED 
i LEADS 
ELECTRODE ~_ 
/ t 
| 
\ ~ ——-— PHENOLIC 
\ RESIN COATING 
~\ REDUCED 
DIELECTRIC BARIUM 
TITANATE 


TYPICAL CHARACTERISTICS 
CAPACITANCE VS TEMPERATURE 


% AC FROM 25° C READING 


TEMPERATURE IN °C 


Ultra-Kap | 3V 
Ultra-Kap | 12V 
Ultra-Kap | 16V & 25V 
Ultra-Kap | 50V 
Ultra-Kap ll 12V,50V &75V www 


CAPACITANCE VS FREQUENCY 


% A CAPACITANCE 
REF. 1 kHz 


Ultra-Kap | 3V 
Ultra-Kap 1 12V 
Ultra-Kap | 16V & 25V 
Ultra-Kap | 50V 


Philips Components ° 


7158 Merchant Avenue « El Paso, TX 79915 


Thin dielectric layers on a semiconducting ceramic 
base are formed in four steps; (1) Formulation of 
green ceramic body, (2) Firing the green ceramic 
in an oxidizing atmosphere to form a dielectric 
body, (3) Chemically reducing this body to pro- 
duce semiconducting properties by heating ina 
reducing atmosphere, (4) Reoxidation of the 
ceramic surface to form a thin dielectric layer by 
firing in an oxidizing atmosphere. 


CAPACITANCE VS DC VOLTAGE 


% A OF CAPACITANCE 


Ultra-Kap | 3V 
Ultra-Kap | 12V 
Ultra-Kap 1 16V & 25V 
Ultra-Kap | 50V 
Ultra-Kap 1 12V, 50V&75V owe oe 


% A CAPACITANCE 
REF. 1 kHz 


1 10 100 


Ultra-Kap Il 12V 
Ultra-Kap Il 75V 


¢ (915) 775-4242 ¢ FAX: (915) 775-4249 


s4ozpoede) 210ues13a4 fas 


50 


1000 


189 


ssoz ede) 201e49Z 


SERIES R 


50VDC AND 100VDC, Temperature Compensating and General 
2 Purpose Ceramic Plate Capacitors 


DESCRIPTION: 


Series R Single Plate Capacitors are radial leaded, 
conformal coated capacitors; they are similar to 
disc capacitors except for their rectangular shape 


and non-noble metal electrodes. 


They may be used as direct replacements for disc 


or multi-layer capacitors of equivalent ratings. 


Significant cost savings are possible, particularly 
for low cap value and/or tight tolerance applications. 


ELECTRICAL SPECIFICATIONS: 


CAPACITANCE: 

.68pF to .022uF, per Range Chart; Standard Parts 
are shown in P/N Stock Listing. 

CAPACITANCE TOLERANCE: 

Depends both on Capacitance Value and Temp. 
Char., as shown below: 

Value < 10pF: + .25 pF any TC 

pea > 10pF: + 2% for TC’s other than Y5P and 
Y5P TC: + 10% for all values. 

Z5V TC: +80/—20% for all values. 


DISSIPATION FACTOR: 

3.5% Maximum for Y5P and Z5V TC’s. 
15% Maximum (C = greater than 50pF) or .15. 
[(15/C) + .7]% maximum 


(C =< 50 pF) for all others. 


STANDARD CAP. AND 

DF MEASUREMENT CONDITIONS: 

Y5P and Z5V: Measure @ 1 +.1 KHz, 1 +.1VRMS, 
@ (or referred to) 20°C. 

All Others: Measure @ 1 + .1 MHz, @ 1.2 VRMS 
Max, @ (or referred to) 20°C. 

CAPACITANCE MARKING: 

Marked in pF for units below 100 pF, with “p” 
denoting the decimal position; for units 100 pF 
and above, the NANO Farad is used, with “n” 
denoting the decimal position. 

WORKING VOLTAGE: 

Z5V: 50VDC 

All Others: 100VDC (500 VDC also available) 
DIELECTRIC STRENGTH: 

250% of Rated Working Voltage. 
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CERAMIC CAPACITOR PART NUMBER SYSTEM 


SINGLE PLATE CAPACITORS 


R Plate Capacitors 


CAPACITANCE VALUE 
First two digits are 
significant, third digit 

is a multiplier as follows: 
0 x1 


1x10 

2 x100 
3 x1000 
9 x.1 


Example: 
101=10x10= 
100pF 
569 = 56x.1= 
5.6pF 


Tolerance Code: 
C +.25pF (<10pF) 

G +2% (Class I> 10pF) 

‘K +10% (Class Il, Y5P) 

Z +80/-20% (Class Ill, Z5V) 
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R 101 G 33 COG H WG AP 


COG 
UiG 
P2G 
R2H 
S2H 
T2J 

U2J 
P3K 
YSP 


Code 


Size Width Height 
13.142" Max .248" Max 
23 .177" Max .288" Max 
33 .201" Max .311" Max 
43 .244" Max .354" Max 
244" Max .441" Max 


Temperature 
Characteristic 


P100+120/-40PPM 
NPO+30PPM 
NO75+30PPM 
N150+40PPM 
N220+40PPM 
N330+60PPM 
N470+60PPM 
N750+120PPM 
N1500+500/-OPPM 


+10%AC -30°C to +85°C Il 
+22/-82%AC +10 to +85°C 


AP Class | Part 
SP Class Il or Ill 


F 50VDC 
Class Ill, Z5V 


H 100VDC 
All Others 


Space Length Form Packing 


.100" .500"Min Flange Bulk 1K Pcs 
WD .200" .157+.020" Flange Bulk 1K Pcs 
WE .100" .157+.020" Flange Bulk 1K Pcs 
WF .200" .500"Min Flange Bulk 1K Pcs 
WG .200" Ho-18MM Flange Tape&Reel 4K 
WH .100" Ho-18MM Flange Tape&Reel 4K 


All with .023” (.6MM) Dia Tinned Copper Leads 


Note: 1 Inch = 25.4 mm 


EIA Colorband 
Marking 


| Red/Violet 
| Black 

| Red 

| Orange 

| Yellow 
| 

| 

| 


Green 

Blue 

Violet 
| Orange/Orange 
Yellow 
Green 
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SERIES R 


50VDC AND 100VDC, Temperature Compensating and General 
Purpose Ceramic Plate Capacitors 


OPERATING TEMPERATURE RANGE: 

—55°C to +85°C. 

50% Voltage De-Rating @ 125°C. 

90% Insulation Resistance De-Rating @ 125°C. 


INSULATION RESISTANCE: 
Measured @ Rated Voltage @ 25°C. 
Y5P and Z5V: 1000MegQ. Minimum 
All Others: 10O0O0OMegQ. Minimum 


EIA Temperature Color 
Code Characteristics (C= > 22pf) Code TEMPERATURE —— 


M7J  P100 + 120/-40PPM Red / Violet eS 

COG NPO + 30PPM Black yao _/ 

U1G NO75 + 30PPM Red 

P2G N150 + 40PPM Orange 

R2H N220 + 40PPM Yellow 

S2H N330 + 60PPM Green 

T2J N470 + 60PPM Blue SEE RANGE 
U2) _N750 + 120PPM Violet CAPACITANCE 
P3K_ —_N1500 + 500/-OPPM Orange/Orange CODES 


Note: 1 Inch = 25.4 mm 


Y5P +10% AAC from -30°C to +85°C Yellow 
Z5V +22/-82% LAC from +10 to 85°C Green 


SIZE CHART: MILLIMETERS SIZE CHART: INCHES 


Size Code W (Max.) H (Max.) Size Code W (Max.) H (Max.) 
a EE eS 

13 3.6 0:0 1S .142 .248 

20 4.5 res 23 Ler .288 

30 5.1 7.9 RS Hj 201 311 

43 6.2 9.0 43 244 354 

53 6.2 11.2 oS 244 4414 

SINGLE PLATE CAPACITORS: (Other Parts Available~See Range Chart) 
NEW CAP. SIZE LEAD LEAD 

CAP. PART NUMBER TOL. VDCW CODE SPACING PACK’G LENGTH 
1.0 OF R109C13M7JHWCAP +— 250f 100 13 .100" BULK 50" MIN 
1,5 pF R159C13M7JHWCAP “t= 250 100 1 .100" BULK 50" MIN 
2.2 PF R229C 13COGHWCAP += 25901 100 13 .100" BULK 50" MIN 
2.7 pF R279C13COGHWCAP t= Zon 100 13 .100" BULK 50" MIN 
2.7 pF R279C13COGHWCAP +=25pi 100 13 .100" BULK .50" MIN 
3.0 DF R339C13M7JHWCAP +=250! 100 12 .100" BULK .50" MIN 
3.9 pF R399C 13COGHWCAP += 2 5pi 100 13 .100" BULK 50" MIN 
3.9 pF R399C1 3U2JHWCAP += 2501 100 13 100" BULK 50" MIN 
4.7 pF R479C13COGHWCAP += Z5p! 100 13 .100" BULK .50” MIN 
4.7 pF R479C13U2JHWCAP += 250i 100 13 .100" BULK 50" MIN 
5.6 pF R569C13COGHWCAP += 2501 100 ee! .100" BULK 50" MIN 
5.6 pF R569C13U2JHWCAP +=25pf 100 13 -100" ‘BULK 50" MIN 
6.8 pF R689C 13COGHWCAP +=—25pf 100 13 .100" BULK .50" MIN 
6.8 pF R689C13U2JHWCAP += Zot 100 13 .100" BULK 50" MIN 
8.2 DF R829C13COGHWCAP += 2 Spt 100 13 .100" BULK 50" MIN 
8.2 pF R829C 13U2JHWCAP += 25pt 100 13 -100" BULK 50" MIN 
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SERIES R 


Y0VDC AND 100VDC, Temperature Compensating and General 
Purpose Ceramic Plate Capacitors 


SINGLE PLATE CAPACITORS: (Other Parts Available—See Range Chart) 


NEW CAP. SIZE LEAD LEAD 

CAP. PART NUMBER TOL. VDCW CODE SPACING PACK’G LENGTH 

10 pF R100G13COGHWCAP +—2% 100 13 .100" BULK .50" MIN 

10 pF R100G13COGHWFAP +—2% 100 13 .100" BULK .00" MIN g 
10 pF R100G13P2GHWCAP TG 100 13 .100" BULK .90" MIN ® 
10 pF R100G13U2JHWCAP 2% 100 13 melee BULK .50" MIN aq 
1Z DF R120G13COGHWCAP +—2% 100 13 .100" BULK .00" MIN = 
12 pF R120G13COGHWFAP +—2% 100 13 .100" BULK .90" MIN Tr 
12 pF R120G13P2GHWCAP ~20 100 13 100" BULK .90" MIN © 
12 DF R120G13CU2JWCAP +—2% 100 13 .100" BULK .90" MIN C) 
15 pF R150G13COGHWCAP +—2% 100 13 00" BULK .50" MIN Ss 
15 pF R150G13COGHWFAP +—2% 100 13 .100" BULK .90" MIN T) 
15 pF R150G13P2GHWCAP r= 290 100 13 A100" BULK .50" MIN Qo 
15 pF R150G13U2JHWCAP +—2% 100 13 .100" BULK .90" MIN S 
18 pF R180G13COGHWCAP +—2Y% 100 13 .100" BULK .90" MIN | 
18 pF R180G13COGHWFAP = 2/0 100 13 .100" BULK .90" MIN “ 
18 pF R180G13P2GHWCAP Te 0 100 13 .100" BULK .50" MIN 

18 pF R180G13U2JHWCAP 206 100 13 .100" BULK .90" MIN 

22 pF R220G13COGHWCAP “t= 2% 100 13 .100" BULK .50" MIN 

22 pF R220G13COGHWFAP r= 296 100 13 .100" BULK .50" MIN 

22 DF R220G13P2GHWCAP +—2% 100 13 .100" BULK .50" MIN 

22 pF R220G13U2JHWCAP TZ 10 100 13 .100" BULK 00" MIN 

27 pF R270G13COGHWCAP +—2% 100 13 .100" BULK .90" MIN 

27 pF R270G13COGHWFAP +—2% 100 13 .100" BULK .90" MIN 

27 pF R270G13P2GHWCAP 2G 100 13 .100" BULK .00" MIN 

27 pF R270G13U2JHWCAP +—2% 100 13 .100" BULK -50" MIN 

33 pF R330G13COGHWCAP +—2% 100 13 .100" BULK .90" MIN 

33 pF R330G13COGHWFAP per 100 13 .100" BULK .00" MIN 

33 pF R330G13P2GHWCAP seal ae 100 13 100: BULK .00" MIN 

33 pF R330G13U2JHWCAP +—2% 100 13 100" BULK 00" MIN 

39 pF R3890G23COGHWCAP +=2% 100 13 100" BULK .50" MIN 

39 DF R390G23COGHWFAP e206 100 13 100" BULK .90" MIN 

39 pF R390G23P2GHWCAP T= 2/0 100 13 .100" BULK .50" MIN 

39 pF R390G13U2JHWCAP “r=200 100 13 .100" BULK .50" MIN 

47 pF R470G33COGHWFAP T=290 100 13 .100" BULK .50" MIN 

47 pF R470G23P2GHWCAP 240 100 13 .100" BULK .00" MIN 

47 pF R470G13U2JHWCAP +—2% 100 13 .100" BULK .50" MIN 

96 pF RS60G33COGHWFAP = 290 100 13 .100" BULK .90" MIN 

56 pF RS6OG33P2GHWCAP +—2% 100 13 .100" BULK .50" MIN 

96 pF R560G23U2JHWCAP 20 100 13 .100" BULK .90" MIN 

68 pF R680G23COGHWFAP +—2% 100 13 arog: BULK .50" MIN 

68 pF R680G33P2GHWCAP +—2% 100 13 100" BULK .50" MIN 

68 pF R680G23U2JHWCAP sa) 100 13 .100" BULK .50" MIN 

82 pF R820G23COGHWFAP 2% 100 13 s100" BULK 90" MIN 

82 pF R820G43P2GHWCAP 20 100 13 .100" BULK .00" MIN 

82 pF R820G23U2JHWCAP 20 100 13 100" BULK .50" MIN 

100 pF R101G33COGHWFAP +—2% 100 13 .100" BULK .50" MIN 
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SERIES R 


50VDC AND 100VDC, Temperature Compensating and General 


Purpose Ceramic Plate Capacitors 


CAP. 

100 pF 
100 pF 
100 pF 
120 pF 
150 pF 
180 pF 
220 pF 
270 pF 
330 pF 
390 pF 
470 pF 
560 pF 
.001 uF 
.001 uF 
01 uF 
01 pF 


Mechanical Specifications. 


NEW 
PART NUMBER 


R101G33P2GHWCAP 
R101G23P3KHWCAP 
R101G23U2JHWCAP 
R121G23P3KHWCAP 
R151G23P3KHWCAP 
R181G23P3KHWCAP 
R221G33P3KHWCAP 
R271G33P3KHWCAP 
R331G43P3KHWCAP 
R391G43P3KHWCAP 
R471G53P3KHWCAP 
R561G53P3KHWCAP 
R102K23YSPHWFSP 
R102K23Y5PHWGSP 
R103Z23Z5VFWFSP 

R103Z23Z5VFWGSP 


CAP. 
TOL. 


+—2% 
+—2% 
+—2% 
+—2% 
++ 2% 
+-2% 
+—2% 
+—2% 
+—2% 
+—2% 
+—2% 
+= 2% 
+—10% 
+—10% 
80/20% 
80/20% 


te 


VDCW 
VDCW 


100 


= 


SIZE LEAD 
CODE SPACING 
33 .100" 
23 .100" 
23 .100" 
23 .100" 
23 .100" 
23 .100" 
33 .100" 
33 .100" 
43 .100" 
43 .100" 
53 .100" 
53 .100" 
23 .200" 
23 .200" 
23 .200" 
23 .200" 


PACK’G 


BULK 
BULK 
BULK 
BULK 
BULK 
BULK 
BULK 
BULK 
BULK 
BULK 
BULK 
BULK 
BULK 
T&R 

BULK 
T&R 


LEAD 
LENGTH 


.90" MIN 
.50" MIN 
.50" MIN 
.50" MIN 
50" MIN 
.50" MIN 
.00" MIN 
.50" MIN 
.90" MIN 
.50" MIN 
50" MIN 
.00" MIN 
.50" MIN 
.50" REF 
.50" MIN 
00" REF 


DETAIL ‘‘A” 


a max 
Leadlength 
Degassing groove : Quantity per reel is 4000 Pcs. 


(ALL DIMENSIONS IN MILLIMETERS) [a at | 
DETAIL “A” Ho 
13 +0,25 17 min 

-00 195 max ena CC) | 

e— 06 Dia. . : : : . : 
Do ee 
TAPE AND REEL DETAIL “B”’ 
- Pitch for both 2,54 and 5,08 leadspacing is 12,7MM (5 
2.54 


+03 +08 
02 
MECHANICAL P/N CODES 
PRODUCT LEAD LEAD P/N 
FORM SPACING LENGTH CODE Extended Conversion Factors 
BULK 2,54 13MIN WC One Inch = 25.4001 
eincn = ‘ mm 

BULK 5,08 4+05 WD One mm = .03937 Inch 
BULK 204 4+05 WE 
BULK 5,08 13MIN WEF 
RR 284 NACH 
BR 508 NAC 
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SERIES R 
S0VDC AND 100VDC, Temperature Compensating and General 
Purpose Ceramic Plate Capacitors 


SINGLE PLATE CAPACITORS: RANGE CHART AND MARKING CODES 


[Designation (6) | 7a | coa | vie | pea | non | son | vay | ua | pox | vee | 25v 
setae wep | voow [ soov [ soor { s0or {vom seov [wow Troov [soor {sor Tov 
[Electrical Glass Code | _ap_|_aP | AP _ 

Ts ae ee ee 


2) 
1) 
Da | 
1p0 13 Bp 
1p2 13 " 
1p5 5 
2) 
13 o 
13 13 13 13 a 
13 13 13 13 at 
13 13 13 13 ra 
13 13 13 is Hp 13 13 Ry 
13 13 13 13 13 13 13 2) 
13 13 13 13 13 13 13 


23 43 33 43 33 33 23 13 
33 53 33 43 43 33 23 23 
33 53 43 53 43 43 33 23 
43 53 53 43 33 23 

53 53 43 23 13 


23 13 


23 
23 
33 13 
33 
43 


NOTE: 500 VDC available 
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SERIES T 


5KVDC through 20KVDC RF RATED, Transmitting, Special 
Applications Ceramic Capacitors 


DESCRIPTION: 


Philips Components RF Rated, ceramic transmit- 
ting capacitors are designed primarily for use in 
applications where very high RF currents, high 
KVA ratings and high working voltages exist. 
Special capacitor design reduces terminal self- 
inductance to permit higher frequency operation. 
A humidity resistant silicone coating and long 
flashover path assures safe, high voltage opera- 
tion in free air. Units also feature stable tempera- 
ture-capacitance characteristics and rugged 
mechanical construction for maximum reliability. 
The 850-Series capacitors are extensively used 
in transmitters, antennas, induction heaters, 
X-ray, diathermy and electronic welding equipment. 


SPECIFICATIONS 


CAPACITANCE RANGE: 

3pf to .0Oimf. Tested at 0.5 to 5.0 volts RMS, 
listed Test Freq. and +25°C. 

CAPACITANCE TOLERANCE: 

+ 10% or + 20% as listed. 

WORKING VOLTAGE: 

5,000, 7,500, 15,000 or 20,000 volts DC as listed. 
DISSIPATION FACTOR (D.F.): 

0.1% to 1.5% maximum as listed. Tested at 0.5 to 
5.0 volts RMS, listed Test Freq. and +25°C. 
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DIELECTRIC STRENGTH: 

150% of rated Working Voltage. 

INSULATION RESISTANCE: 

10,000 megohms minimum. Tested at 1000 volts 
DC maximum. 

TEMPERATURE COEFFICIENT OR 
CHARACTERISTIC: 

NPO, N750, N3300 or EIA code X5T, X5U as listed. 
OPERATING TEMPERATURE RANGE: 

—55°C to +85°C. 

HUMIDITY PROTECTION: 

Silicone coated. (850S, 857, 858S and 8598S 
series) 

LEADS: TERMINALS: 

Tinned Wire. Silver Plated. 


MARKING: 

Philips Components Part Marking, catalog 
number, capacitance value, capacitance toler- 
ance, working voltage and temperature coeffi- 
cient or EIA temperature characteristic code. 
PACKAGING: 

Individually wrapped or bulk packaged, one per 
cavity in protective nest. 

CAUTIONS IN HANDLING: : 

These capacitors are round and will roll off a 
table or desk if layed on their sides. Do not touch 
terminals of charged units. 
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SERIES T 


5KVDC through 20KVDC RF RATED, Transmitting, Special 
Applications Ceramic Capacitors 


8530, 8540, 8550 — SERIES 859S — SERIES 


3.000 MAX. 


#18 AWG .040 0 


[ 1.02) 
—e— |: 


(76.20) 


2.000 + 0.62 
(50,80 + 1,57) 


|. Te ® 
| 1.5 MIN. a 
(38,10) 875 
(4998 + 2,36) (22,22) = 
~~ 
0 
&) 
853A, 854A, 855A — SERIES oS 
10-32 NF-2 THD. of) 
437 (11,09) DEEP ie) 
BOTH ENDS ~t 
~) 
=o) | : 
ee 
2-56 NC:2 THD. t——t 
93 (2,36) DEEP 3 
BOTH ENDS 
8570 — SERIES 


.890 MAX. 
(22,60) 


~~ (47.90) 


1.312 + .062 
(33,32 + 1,57) 


625 + .031 
(15,87 + 0,78 


750 + .062 


(19,05 + 1,57) | 


.500 
(12,70) 


1.87 + .0750 
(30,14 + 1,90) 


6-32 NC-2 THD. 
187 (4.75) DEEP 
BOTH ENDS 
10-32 NF-2 THD. 
250 (6,35) DEEP, 


BOTH ENDS 
LENGTH DIA. 
SERIES in. mm in. mm 
+.031 +0.78 | +.031 +0.78 
853 437 11.09 |.500 12.70 INCH (MILLIMETER) 
854 375 9.52 | .375 252 ade eget tana 


855 343 8.71 | .250 6.35 
853A .484 12.29 |.562 14.27 
854A 422 10.71 |.437 11.09 
855A _.390 9.90 | .312 7.92 


(MILLIMETER) 
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SERIES T 


SKVDC through 20KVDC RF RATED, Transmitting, Special 
Applications Ceramic Capacitors 


STANDARD STOCK LISTING: 

NEW DIST. CAP VOLTAGE TEMP MAX. TEST 
CAP. PART NUMBER PART NUMBER TOL. DCW PLUS COEF/ D.F. FREQ. 

HF PEAK EIA CODE 

8530, 8540, 8550—Series Wire Leads 
3 pf T309K99C0GT8550 855-3Z +10% 5,000 NPO 0.217% 1 MHz 
5 T509K99COGT8550 855-5Z +40% 5,000 NPO 0.200% 1 MHz 
10 T100K99U2JT8550 855-10N +10% 5,000 N750 0.167% 1 MHz 
10 T100K99COGT8540 854-10Z +10% 5,000 NPO 0.167% 1 MHz 
20 T200K99C0GT8530 853-202 +10% 5,000 NPO 0.120% 1 MHz 
40 T400K99U2JT8530 853-40N +10% 5,000 N750 0.100% 1 MHz 
853A, 854A, 855A—Series Threaded Terminals 
3 pf T309K99COGT855A 855A-3Z +10% 5,000 NPO 0.217% 1 MHz 
5 T509K99COGT855A 855A-5Z +10% 5,000 NPO 0.200% 1 MHz 
10 T100K99COGT854A 854A-10Z +10% 5,000 NPO 0.167% 1 MHz 
20 T200K99U2JT854A 854A-20N +10% 5,000 N750 0.120% 1 MHz 
40 T400K99U2JT853A 853A-40N +10% 5,000 N750 0.100% 1 MHz 
850S, 858S—Series Threaded Terminals 
25 pf T250K99C0GV850S 850S-25Z +10% 7,500 NPO 0.1% 1 MHz 
50 T500K99C0GV850S 850S-50Z +10% 7,500 NPO 0.1% 1 MHz 
50 R500K99U2JV850S 850S-50N +10% 7,500 N750 0.1% 1 MHz 
75 T750K99U2JV850S 850S-75N +10% 7,500 N750 0.1% 1 MHz 
100 T101K99U2JT850S 850S-100N +10% 5,000 N750 0.1% 1 MHz 
500 T501M99X5TT858S 858S-500 +20% 5,000 X5T 1.5% 1 KHz 
001 mf T102M99X5UT858S 858S-1000 +20% 5,000 X5U 1.5% 1 KHz 
8570—Series Threaded Terminals 
25 pf T250K99C0OGW8570 857-252 +10% 15,000 NPO 0.1% 1 MHz 
50 T500K99C0GW8570 857-50Z +10% 15,000 NPO 0.1% 1 MHz 
100 T101K99U2JW8570 857-100N +10% 15,000 N750 0.1% 1 MHz 
200 T201K99U2JV8570 857-200N +10% 7,500 N750 0.1% 1 MHz 
859S—Series Threaded Terminals 
50 pf T500K99C0GZ859S 859S-50Z 10% 20,000 NPO 0.1% 1 MHz 
100 T101K99C0GZ859S 859S-100Z 10% 20,000 NPO 0.1% 1 MHz 
250 T251K99U2JZ859S 859S-250N +10% 20,000 N750 0.1% 1 MHz 
500 T501K99S3NW859S 859S-500N +10% 15,000 N3300 0.2% 1 MHz 


TYPICAL RF CHARACTERISTICS 


Data is based on not exceeding the maximum For operation in an air stream, multiply the R.F 
rated voltage (“*’’ readings) or a 30°C maximum MAX. AMPS by specific Fan Factor to obtain 
rise above a 25°C ambient in still air. allowable higher current rating. Rated Working 
Reactive power ratings (KVAR) are calculated from Voltage must not be exceeded. 

voltage limited currents. 
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SERIES T 


IKVDC through 20KVDC RF RATED, Transmitting, Special 


Applications Ceramic Capacitors 


1 MHz 10 MHz 30 MHz FAN FACTORS 
R.F. RF. RF. FEET PER MINUTE 

CATALOG MAX. Q MAX. Q MAX. Q 

NUMBER AMPS KVAR_ TYP. AMPS KVAR TYP. AMPS KVAR TYP 50 100 250 + 650 
855-3Z 0.066* 0.23 2,000 0.66* 2.3 5,000 1.4 3.2 5,000 1.15 1.3 1.7 2.6 
855-5Z 0.11* 0.38 5,000 1.1* 3.8 5,000 1.6 2.8 2,000 1.15 1.3 1.7 2.6 
855-10N 0.22* 0.78 10,000 1.7 4.2 10,000 2.3 2.9 7,500 1.15 1.3 1.7 2.6 
854-10Z 0.22* 0.78 10,000 1.8 5.4 10,000 2.1 2.3 7,900 ‘1.1 1.2 1.4 1.8 
853-20Z 0.44* 1.5 9,000 2.7 5.6 4,500 2.8 2.0 4300 1.1 1.2 1.4 1.8 
853-40N 0.89* 3.1 15,000 4.4 1.7 15,000 3.5 a Pw 3,500 1.1 1.2 1.4 1.8 
855A-3Z 0.066* 0.23 2,000 0.66* 2.3 5,000 1.4 3.2 5000 1.15 1.3 1.7 2.6 
855A-5Z 0.11* 0.38 9,000 1.1* 3.8 5,000 1.6 — «2.8 2,000 1.15 1.3 1.7 2.6 
854A-10Z 0.22* 0.78 10,000 1.8 5.4 10,000 2.1 2.3 7,500 1.1 1.2 1.4 1.8 
854A-20N 0.44* 1.55 7,000 3.1 7.5 12,000 3.4 3.0 15,000 = 1.1 42 1.4 1.8 
853A-40N 0.89* 3.1 15,000 4.4 7.7 15,000 3.5 1.7 3,500 ~=—‘1.1 1.2 1.4 1.8 
850S-25Z 0.84* 4.4 4,300 3.1 6.1 4,000 5.6 6.6 4,800 1.1 1.3 1.6 2.4 
850S-50Z i 8.9 7,000 4.2 5.6 4,200 7.6 6.0 3,000 =—‘1.1 1.25 1.6 2.3 
850S-50N a DY i 8.9 7,000 5.0 7.9 7,600 8.5 7.7 4,000 1.1 1.25 1.6 2.3 
850S-75N y 13.2 14,000 6.2 8.1 5,500 9.0 5.6 3,700 = 1.1 1.25 1.6 2.3 
850S-100N 3.4 19.0 15,000 7.3 8.7 9,000 9.2 4.6 2,000 =1.1 125 - 1.6 2.3 
858S-500 1.1 0.39 300 2.5 0.21 120 3.0 0.1 551.1 12 1.4 2.0 
858S-1000 1.4 0.3 200 3.1 0.15 - 3.7 0.076 — 1.1 1.2 1.4 2.0 
857-25Z 1 18.5 5,000 6.2 22.0 4,000 6.7 8.6 8,000 1.15 1.3 1.6 1.9 
857-50Z 3.3* 35.4 4,000 7.4 18.0 4,500 8.1 7.1 3,000 1.15 13 1.6 1.9 
857-100N 4.6 35.0 6,500 12.0 22.0 6,500 15.0 11.1 4,000 115 1.3 1.6 1.9 
857-200N 5.1 23.0 5,000 8.5 6.2 4,000 15.0 6.0 2,000 1.15 1.3 1.6 1.9 
859S-50Z 3.1 31.5 5,000 10.4 36.0 6,200 16.2 28.8 5,000 1.15 1.3 1.7 2.3 
859S-100Z 3.8 23.5 4500 12.9 27.4 4,500 19.4 20.6 3,000 1.15 13 1.7 2.3 
859S-250N 9.2 52.0 5,000 13.0 11.0 3,000 35.0 25.0 1000 1.15 1.3 1.7 2.3 
859S-500N __—6..7 14.0 3,800 14.0 5.9 800 23.0 5.4 - 1.15 = 2s 1.7 2.3 
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CERAMIC CAPACITOR KITS 


KIT-100MK-A RADIAL LEADED MULTILAYER MONO-KAP® CAPACITORS 


KIT-100MK-A contains a wide assortment ofthe characteristics, COG (NPO), X7R, Z5U. 39 values, 
most popular radial leaded Mono-Kap multilayer ranging from 10pf to 2.2mfd, in four tolerances, 


2 


capacitors in three industry standard temperature 50 and 100VDC Ratings. 


CAP. QTY. VDC CAT. NO. CAP. QTY. VDC CAT. NO. 
g 10 pf 5 100 K100K15COGHVAWA .022 mf 5 50 K223K20X7RFVBWE 
® 12 pf 5 100 K120K15COGHVAWA .033 mf 5 50 K333K20X7RFVBWG 
a 15 pf 5 100 K150K15COGHVAWA 047mf 5 50 K473K20X7RFVBWJ 
= 18 pf 5 100 K180K15COGHVAWA .068 mf S 50 K683K20X7RFVBWL 
S 22 pf 5 100 K220K15COGHVAWA 1 mf 10 50 K104K20X7RFVBWN 
g 27 pf 5 100 K270K15COGHVAWA .1 mf 5 50 K1 04M20X7RFVBWN 
ty 33 pf 5 100 K330K15COGHVAWA 1 10 100 K104K30X7RHVCWN 
3 47 pf 5 100 K470K15COGHVAWA .22 mf 5 50 K224K30X7R FVCWT 
© 56 pf 5 100 K560K15COGHVAWA .33 mf 5 50 K334K30X7RFVCWW 
ay 68 pf 5 100 K680K15COGHVAWA .47 mf 5 50 K474K40X7RFVCWY 
a | 82 pf 2 100 K820K15COGHVAWA .68 mf a 50 K684K40X7RFVCXB 
“ 100 pf 10 100 K101K15COGHVAWA 1.0 mf 5 50 K105K50X7RFVHXD 
120 pf 5 100 K121K15COGHVAWA 1.0 mf 5 50 K105M50X7RFVHXD 
1 50 pf 5 100 K151K15COGHVAWA 0022 mf 5 50 K222M15Z5UFVAWA 
220 pf 5 100 K221K15COGHVAWA .0033 mf 5 100 K332M15Z5SUHVAWA 
330 pf 5 100 K331K15COGHVAWA 0047 mf 5 100 K472M15Z5UHVAWA 
470 pf 5 100 K471K20COGHVBWA .0068 mf 5 50 K682M15Z5UFVAWA 
680 pf 5 100 K681K20COGHVBWA 01 mf 10 100 K103M15Z5UHVAWA 
820 pf 5 100 K821K20COGHVBWA 01 mf 5 100 K103Z15Z5SUHVAWA 
.001 mf 10 100 K102K20COGHVBWA 01 mf 10 50 K103M15Z5UFVAWA 
0015 mf 5 100 K152K20COGHVBWA Oimf 5 50 K103Z15Z5UFVAWA 
.01 mf 10 50 K103J30COGFVCWA 022 mf 5 50 K223M15Z5UFVAWE 
.01 mf 10 50 K103K30COGFVCWA 033 mf 5 50 K333M15Z5UFVAWG 
150 pf 5 100 K151K15X7RHVAWA 047 mf 5 100 K473M20Z5UHVBWJ 
220 pf 5 100 K221K15X7RHVAWA 047 mf 5 50 K473M20Z5UFVBWJ 
330 pf 5 100 K331K15X7RHVAWA 047 mf 5 50 K473Z20Z5UFVBWJ 
470 pf 5 100 K471K15X7RHVAWA 068 mf 5 50 K683M20Z5UFVBWL 
680 pf 5 100 K681K15X7RHVAWA 1 mf 10 100 K104M20Z5U HVBWN 
.001 mf 5 100 K102K15X7RHVAWA 1 mf 5 100 K104Z20Z5UHVBWN 
.001 mf 5 100 K102M15X7RHVAWA 1 mf 10 50 K104M20Z5UFVBWN 
.0015 mf 5 100 K152K15X7RHVAWA 1 mf 5 50 K104Z20Z5UFVBWN 
.0022 mf 5 100 K222K15X7RHVAWA .15 mf 5 50 K154M20Z5UFVBWR 
.0033 mf 5 100 K332K15X7RHVAWA .22 mf 5 50 K224M20Z5UFVBWT 
.0047 mf 5 100 K472K15X7RHVAWA 33 mf 5 50 K334M30Z5UFVCWW 
.0056 mf 5 100 K562K15X7RHVAWA .47 mf 5 50 K474M30Z5UFVCWY 
.0068 mf 5 100 K682K20X7RHVBWA .68 mf 5 50 K684M30Z5UFVCXB 
.01 mf 10 50 K103K15X7RFVAWA 1.0 mf 10 50 K105M30Z5UFVCXD 
.01 mf 10 50 K103M15X7RFVAWA 1.0 mf ] 50 K105Z30Z5UFVGXD 
.01 mf 5 100 K103K20X7RHVBWA 1.0 mf 5 100 K105M40Z5UHVCXD 
.015 mf 5 50 K153K15X7RFVAWC 2.2 mf 5 50 K225M40Z5UFVCXF 
A = .100” Spacing, #26 AWG. 
B = .100” Spacing, #24 AWG. 
C = .200” Spacing, #24 AWG. 
H = .400” Spacing, #22 AWG. 
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CERAMIC CAPACITOR KITS 


KIT-110MG-A AXIAL LEADED MULTI-LAYER MONO-GLASS°® CAPACITORS 


KIT-110MG-A contains a wide assortment of the characteristics, COG (NPO), X7R, ZSU. 37 values, 
most popular axial leaded Mono-Glass multilayer ranging from 10pf to .47mf in four tolerances, 


Capacitors in three industry standard temperature 5OWVDC Rating. 


CAP. QTY. vDC CAT. NO. CAP. QTY. vDC CAT. NO. 

10 pf 5 50 G100J17COGFVXWA 001 mf 10 50 G102M17X7RFVXWA 
12 pf > 50 - G120J17COGFVXWA 0015 mf 5 50 G152K17X7RFVXWA 
15 pf a 50 G150J17COGFVXWA 0022 mf 5 50 G222K17X7RFVXWA 
18 pf 5 50 G180J17COGFVXWA 0033 mf 5 50 G332K17X7RFVXWA 
22 pf 5 50 G220J17COGFVXWA 0047 mf 5 50 G472K17X7RFVXWA 
27 pf = 50 G270J17COGFVXWA 0056 mf 5 50 G562K17X7RFVXWA 
33 pf 5 50 G330J17COGFVXWA 0068 mf 5 50 G682K17X7RFVXWA 
47 pf 5 50 G470J17COGFVXWA O1mf 20 50 G103K17X7RFVXWA 
56 pf = 50 G560J17COGFVXWA O1mf 20 50 G103M17X7RFVXWA 
68 pf 5 50 G680J17COGFVXWA O15mf 5 50 G153K20X7RFVXWC 
82 pf 5 50 G820J17COGFVXWA 022 mf 5 50 G223K25X7RFVXWE 
100:pf.;;.- 10 50 G101J17COGFVXWA 033 mf 5 50 G333K25X7RFVXWG 
120: oid'5 50 G121J17COGFEVXWA O47 mf 5 50 G473K30X7RFVXWJ 
150pf 5 50 G151J17COGFVXWA 068 mf 5 50 G683K30X7RFVXWL 
290 pf... °5 50 G221J17COGFVXWA 1 mf 20 50 G104K30X7RFVXWN 
330 pf =—s«¢5 50 G331J17COGFVXWA 1 mf 20 50 G104M30X7RFVXWN 
470pf = 5 50 G471J17COGFVXWA 0047 mf 5 50 G472M17Z5UFVXWA 
680 pf «45 50 G682J17COGFVXWA 0068 mf 5 50 G682M17Z5UFVXWA_ 
820 pf 5 50 G821J25COGFVXWA O1mf 20 50 G103M17Z5UFVXWA 
001 mf 10 50 G102J25COGFVXWA O1mf 20 50 G103Z17Z5UFVXWA 
0015 mf 5 50 G152J30COGFVXWA 022 mf 5 50 G223M17Z5UFVXWE 
0022 mf 5 50 G222J30COGFVXWA 033 mf 5 50 G333M17Z5UFVXWG 
0033 mf 5 50 G332J30COGFVXWA 047 mf 5 50 G473M17Z5UFVXWJ 
0047 mf 5 50 G472J40COGFVXWA 047 mf 5 50 G473Z17Z5UFVXWJ 
0068 mf 5 50 G682J40COGFVXWA O68 mf 5 50 G683M25Z5UFVXWL 
150pf 5 50 G151K17X7RFVXWA 1 mf 20 50 G104M17Z5UFVXWN 
220'hE hs 50 G221K17X7RFVXWA 1 mf 20 50 G104Z17Z5UFVXWN 
330 pf." 5 50 G331K17X7RFVXWA 15mf 5 50 G154M30Z5UFVXWR 
470 pf s«5 50 G471K17X7RFVXWA 22mf = 5 50 G224M30Z5UFVXWT 
680 pf = 5 50 G681K17X7RFVXWA 33mf 5 50 G334M40Z5UFVXWW 
001 mf 10 50 G102K17X7RFVXWA A47mf 5 50 G474M40Z5UFVXWY 


Philips Components ° 7158 Merchant Avenue ° El Paso, TX 79915 « (915) 775-4242 + FAX: (915) 775-4249 201 


suowsedey) 21esay 


CERAMIC CAPACITOR KITS 


KIT-63L-A LOW VOLTAGE DISCS 


KIT-63L-A contains a popular assortment of low voltage Ultra-Kap® and general purpose ceramic disc 
capacitors. Units are offered in 3 to 100 volt DC ratings in 14 different values from .005 mf to 1.0mf. 


CAP. QTY. VDC CAT. NO. CAP. QTY. VDC CAT. NO. 
.22 mf 5 3 U224P40Y5TAAATH 1 mf 15 25 U104M59Y5PEABKM 
g 47 mf. 5 3 U474P40Y5TAATF 2 mf 5 25 U204M82Y5PEABKG 
® 1.0 mf 5 3 U105P59Y5TAABTD 01 mf 15 50 U103M29Y5PFAALJ 
a 05 mf 10 12 U503M29Y5PBAAJY O22 mf 5 50 U223M47Y5PFAALJ 
= .1 mf 10 12 U104M40Y5PBAAJY 033 mf 5 50 U333M47Y5PFABLJ 
S .2 mf 3) 12 U204M59Y5PBABJX 047mf 5 50 U473M59Y5PFABLJ 
.47 mf 5 12 U474M82Y5PBABJT .05 mf 5 50 U503M59Y5PFABLJ 
® 01 mf 15 16 U103M20Y5PCAAKH 1 mf 5 50 U104M82Y5PFABLJ 
3 022mf 5 16 U223M29Y5PCAAKF 01 mf 15 75 U103Z29Y5UGAAPK 
Q .05 mf 5 16 US503M40Y5PCAAKE 1 mf | 5 75 U104Z69Y5UGABPK 
S .1 mf 15 16 U104M47Y5PCABKC 01 mf 5 100 U103M29Y5THMBLK 
= .2 mf 5 16 U204M69Y5PCABMX 00OSmf 5 100 D502M29Z5VHAAEU 
“ 3 mf 5 16 U304M82Y5PCABJW .01 mf 15 100 D103M39Z5VHAAEU 
01 mf 15 25 U103M20Y5PEAAKW .02 mf 5 100 D203M59Z5VF'..BEU 
022 mf 10 25 U223M29Y5PEAAKU O25 mf. § 100 D253M59Z5V HABEU 
033 mf 5 25 U333M40Y5PEAAKR .05 mf 5 100 D503M69Z5VHABEU 
.O5 mf 10 25 US503M40Y5PEAAKP 1 mf 5 100 S104M72Z5VHAZAA 


KIiT-70H-A HIGH VOLTAGE DISCS 


KIT-7OH-A features a well balanced stock of high voltage, ceramic disc capacitors. Units include 
3000 and 6000 volt DC rated discs in 33 values from 4.7pf to -005mf. A complete assortment of 
Philips Components GAP-KAP", combination capacitor—spark-gap is also included in the kit. 


CAP. QTY. VDC CAT. NO. CAP. QTY. vbc CAT. NO. 

4.7 pf 2 3000 D479M33S2LRAAAL 15 pf 2 6000 D150M66S2LUAZAA 
47 pf Z 3000 D470M33S3NRAAAL 50 pf 2 6000 DS500M66S3NUABAL 
68 pf 2 3000 D680M33S3NRAAAL 75 pf 2 6000 D750M66S3NUABAL 
82 pf 2 3000 D820M33S3NRAAAL 100 pf 2 6000 D101M66S3NUAZAA 
100 pf 2 3000 D101M33Z5URAAEM 120 pf 2 6000 D121M66S3NUABAL 
150 pf 2 3000 D151M33Z5URAAEM 150 pf 2 6000 D151M66S3NUABAL 
220 pf 2 3000 D221M33Z5URAAEM 200 pf 2 6000 D201M66Z5UUABEM 
270 pf 2 3000 D271M33Z5URAAEM 250 pf 2 6000 D251M66Z5UUABEM 
390 pf 2 3000 D391M33Z5URAAEM 300 pf 2 6000 D301M66Z5UUABEM 
470 pf S 3000 D471M33ZSURAAEM 470 pf 2 6000 D471M66ZSUUABEM 
500 pf 2 3000 D501M33Z5URAAEM 500 pf 2 6000 D501 M66Z5UUABEM 
680 pf 2 3000 D681M33Z5URAAEM 750 pf 2 6000 D751M66Z5UUABEM 
750 pf 2 3000 D751M33Z5URAAEM 820 pf 2 6000 D821M66ZS5SUUABEM 
820 pf 2 3000 D821M43Z5URAAEM 001 mf 2 6000 D102M66Z5UUABEM 
001 mf 2 3000 D102M43Z5URAAEM 0015 mf 2 6000 D152M66Z5UUABEM 
0015 mf 2 3000 D152M63Z5URABEM 002mf 2 6000 D202M76Z5UUABEM 
002mf 2 3000 D202M63Z5URABEM 0022 mf 2 6000 D222M76Z5UUAZAA 
0022 mf 2 3000 D222M63Z5URABEM .75 pf* 2 1000 S758X44000NAZAA 
003 mf 2 3000 D302M63Z5URABEM 001 mf* 2 1000 S102M40Z5PNAZAA 
0033 mf 2 3000 D332M63Z5URABEM 004 mf* 2 3000 S402K96Z5PRAZAA 
0047 mf 2 3000 D472M73Z5URABEM .01 mf* 2 1000 S103M69Z5UNAZAB 
005 mf 2 3000 D502M73Z5URABEM .02 mf* 2 1000 S203M93Z5UNAZAA 
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CAP. 

1.5 pf 
2.2 pf 
3.3 pf 
4.7 pf 
6.8 pf 
10 pf 
15 pf 
20 pf 
22 pf 
25 pf 
27 pf 
33 pf 
47 pf 
50 pf 
68 pf 
75 pf 


D750J40COGLABAA 


82 pf 
100 pf 


vDCc 


CAT. NO. 


D159D20COKLAAAA 
D229D20COKLAAAA 
D339D20COJLAAAA 
D479D20COJLAAAA 
D689D20COHLAAAA 
D100J20COGLAAAA 
D150J20COGLAAAA 
D200J20COGLAAAA 
D220J29COGLAAAA 
D250J29COGLAAAA 
D270J29COGLAAAA 
D330J29COGLAAAA 
D470J40COGLAAAA 
D500J40COGLAAAA 
D680J40COGLAAAA 


D820J40COGLABAA 
D101J40COGLABAA 


CAP. 
120 pf 
5 pf 
10 pf 
15 pf 
22 pf 
25 pf 
27 pf 
33 pf 
47 pf 
68 pf 
75 pf 
100 pf 
100 pf 
120 pf 
150 pf 
180 pf 
200 pf 
220 pf 


QTY. 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


vDbc 


600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 


CERAMIC CAPACITOR KITS 


KIT-66T-A TEMPERATURE COMPENSATING DISCS 


KIT-661-A provides a balanced stock of temperature compensating ceramic disc capacitors. Discs 
are offered in NPO, N750 and N1500 temperature coefficients in 24 different values from 1.5pf to 220pf. 


CAT. NO. 
D121J47COGLABAA 


D509D20U2JLAAAA 
D1i00J20U2JLAAAA 
D150J20U2JLAAAA 
D220J20U2JLAAAA 
D250J20U2JLAAAA 
D270J20U2JLAAAA 
D330J29U2JLAAAA 
D470J29U2JLAAAA 
D680J39U2JLAAAA 
D750J39U2JLAAAA 
D101J39U2JLAAAA 
D101J39P3KLAAAA 


___D121J39PSKLAAAA _ 


D151J47P3KLAAAA 
D181J47P3KLAAAA 
D201J59P3KLABAA 
D221J59P3KLABAA 


KIT-60D GENERAL PURPOSE DISCS 


KIT-60D offers an assortment of the most widely used general purpose, ceramic disc capacitors. Discs 


include both 600 and 1000 volt DC ratings in 36 different values from 5pf to .05mf. 


CAP. 
5 pf 
10 pf 
15 pf 


D150K20S2LNAAAL 


20 pf 
22 pf 


D220K20S2LNAAAL 
D250K29S2LNAAAL 


25 pf 
33 pf 
47 pf 
50 pf 
68 pf 
100 pf 


120 pf 


150 pf 
180 pf 
200 pf 
220 pf 
250 pf 
270 pf 
_ 300 pf 
330 pf 


QTY. 
D509K20S2LNAAAL 


Aaa; rn alan; a; a; a; a 


vbc 
1000 
1000 
100C 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 


CAT. NO. 


D100K20S2LNAAAL 


D200K20S2LNAAAL 


D330K29S2LNAAAL 
D470K29S2LNAAAL 
D500K29S3NNAAAL 
D680K29S3NNAAAL 
D101K29S3NNAAAL 
D121K29S3NNAAAL 
D151K29S3NNAAAL 
D181K29S3NNAAAL 
D201K29S3NNAAAL 
D221K20Z5FNAAEM 
D251K20Z5FNAAEM 
D271K20Z5FNAAEM 
D301K20Z5FNAAEM 
D331K20Z5FNAAEM 


CAP. 
390 pf pf 
470 pf 
500 pf 
680 pf 
820 pf 
.001 mf 
.001 mf 
.0015 mf 
.002 mf 
.0022 mf 
.003 mf 
.0047 mf 
.005 mf 
.005 mf 
.0068 mf 
.01 mf 
.0O1 mf 
.01 mf 
.02 mf 
.05 mf 


vbc 


CAT. NO. 
D391K20Z5FNAAEM 
D471K20Z5FNAAEM 
D501K29Z5FNAAEM 
D681K29Z5RNAAEM 
D821K29Z5FNAAEM 
D102K29Z5FNAAEM 
D102P29Z5UNAAEM 
D152K39Z5RNAAEM 
D202M39Z5UNAAEM 
D222M39Z5UNAAEM 
D302M39Z5UNAAEM 
D472M47Z5UNAAEM 
D502P59Z5UNABEM 
D502M47Z5UNAAEM 
D682M59Z5UNABEM 
D103P69Z5UNABEM 
D103M59Z5UNABEM 
D103P59Z5ULABED 
D203Z69Z5ULABED 
$503Z85Z5ULAZAA 
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CERAMIC CAPACITOR KITS 


KIT-120MA-A ACIAL LEADED MULTI-LAYER MONOAXIAL® CAPACITORS 
2 KIT-120MA-A contains a wide assortment of the characteristics, COG (NPO), X7R, Z5U, 89 values, 


most popular axial leaded MonoAxial® multilayer ranging from 10 pf to .47 mf in four tolerances, 
capacitors in three industry standard temperature 50 and 100 WVDC rating. 
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gS DISTRIBUTOR DISTRIBUTOR 
© CAP. QTY VDC PART NUMBER CAP. QTY VDC PART NUMBER 
: 10 pf 5 100 A40A100J .0015mf 5 100 A41A152K 
=. 15 pf 5 100 A40A150J .0022mf 5 100 A41A222K 
& 18 pf 5 100 A40A180J .0033mf 5 50 A41C332K 
3 22 pf 5 100 A40A220J .0047mf 5 50 A41C472K 
a 97 pf 5 100 A40A270J .01 mf 40 50 A41C103K 
S 33 pf 5 100 A40A330J .015 mf 5 50 A41C153K 
ui 47 pf 5 100 A40A470J .022 mf 5 50 A41C223K 
68 pf 5 100 A40A680J .033 mf 5 50 A41C333K 
82 pf 5 100 A40A820J .047 mf 5 50 A41C473K 
100 pf 10 50 A40C101J .1mf 40 50 A41C104K 
150 pf 5 50 A40C151J .01 mf 20 50 A43C103M 
220 pf 5 50 A40C221J .01 mf 290 50 A43C103Z 
330 pf 5 50 A40C331J .022 mf 5 50 A43C223M 
470 pf 5 50 A40C471J .033 mf 5 50 A43C333M 
680 pf 5 50 A40C681J .047 mf 5 50 A43C473M 
001 mf 10 50  A40C102J .047 mf 5 50 A43C473Z 
220 pf 5 100 A41A221K 1 mf 40 50 A43C104M 
330 pf 5 100 A41A331K .1 mf 40 50 A43C104Z 
470 pf 5 100 A41A471K .22 mf 5 50 A43C224M 
680 pf 5 100 A41A681K .33 mf 5 50 A43C334M 
O0imf 20 100 A41A102K .47 mf 5 50 A48C474Z 


ALSO AVAILABLE FROM YOUR PHILIPS COMPONENTS AUTHORIZED DISTRIBUTOR. 


CERAMIC CHARACTERISTICS 


PHILIPS COMPONENTS 


_ EIA Designations Of Temperature Characteristics And 
Tolerances For Ceramic Capacitors 
CAPACITANCE TOLERANCE CODES 


EIA Tolerance s 
A +0.15 pF +10% = 
B +0.1 pF +15% = 
C +0.25 pF +20% J 
D +0.5 pF +30% 2) 
F +H%or+ pF GMV or -0%, +100% 2 
G 42% or +2 pF | —20%, +40% 9 
H +2. 5% —20%, +50% ‘y) 
J +5% ~20%, +80% x 

| 5 
TEMPERATURE CHARACTERISTICS ” 


GENERAL APPLICATION CAPACITORS 


Maximum Capacitance Change Over Temperature Range 


+1.0%P +10% 
+1.5%R +15% 
+2.2% t22% 
+3.3% —33%, +22% 
+4.7% —56%, +22% 
+7.5% —82%, 422% 


Example: X7R means a max. cap. change of +15% over the temperature range of —55°C to +125°C 


Minimum Minimum 
Temperature Temperature 


TEMPERATURE COMPENSATING 
CAPACITORS 


C OG 


Temperature Coefficient in ppm/°C 
Significant Figures | Multiplier —__ in ppm/°C 


G 
H 
J : 
K 
L 
M 
N 


Example: COG is 0+30ppm/°C. 
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GLOSSARY 


AC: 
Alternating Current 


Aging: | 

The Capacitance Value of Class Il, Ill and IV 
ceramic capacitors decreases with age. This 
decrease, which is very rapid for the first few 
hours, diminishes with time and becomes almost 
imperceptible after about one month. 


Bias Voltage: 

A voltage, usually DC, used to set the operating 
point of a circuit above or below a reference 
voltage. 


Blocking Capacitor: 

A capacitor which limits the flow of DC or low 
frequency AC without materially affecting the flow 
of high frequency AC. 


By-pass Capacitor: 
A capacitor which provides a low impedance 
path around a circuit element. 


Capacitance: 

The property of a system of two or more con- 
ductors which permit it to store electrical energy 
in an electrostatic field between them. The elec- 
trical capacity for ceramic capacitors is measured 
in either uF (micro-farad, which is 10° farad) of 
pF (pico-farad, or puF which is 10°” farad). 

The formula for capacitance in a system of two 
plates, as in a single disc construction ceramic 
disc capacitor, is: 

C in pF = .2249 KA/t or (KA)/(4.45t), where 

K is the dielectric constant of the material separa- 
ting the two electrodes 

A is the surface area in square inches where the 
two electrodes overlap 

tis the dielectric thickness in inches 

This formula disregards edge effects which for 
materials with dielectric constants of approxi- 
mately 1000 or greater may be disregarded for 
practical purposes. 

From the above formula, one may see that the 
Capacitance of any unit is directly proportional 
to the electrode area (diameter for discs and 
length and width, as well as number of layers, 
for multilayers) and the dielectric constant of the 
material, and inversely proportional to the thick- 
ness of the ceramic. Since different manufac- 
turers of ceramic capacitors employ different 


206 


dielectric materials, with different dielectric con- 
stants, it can be easily understood why differ- 
ences in size for a given capacitance value occur. 


Capacitive Reactance (X.): 
Opposition offered to the flow of alternating cur- 
rent by a capacitor or any unit having capacitance. 


Coupling Capacitor: 
A capacitor used to transfer signals of a specific 
frequency from one circuit to another circuit. 


Curie Point: 

In ferro electric dielectrics, the temperature(s) at 
which the dielectric constant reaches peak values. 
At the curie point temperature(s) the crystal form 
is changing from cubic to tetragonal. Manufac- 
turers use modifiers in their specific ceramic 
formulations to shift curie points such that the 
rapid change in capacitance value which nor- 
mally occurs around the curie point will have no 
effect on the specified characteristics of the capa- 
citor over its specified temperature range. 


Dielectric Constant (K) (Permitivity): 

The ratio of the ability of a dielectric material to 
store electrostatic energy to that stored by a 
vacuum as the dielectric utilizing the same 
electrode system. 


Dielectric Strength (Dielectric Withstanding 
Voltage) (DWV) 


This is the maximum potential gradient that a 
dielectric can withstand before it ruptures or a 
conductive path is formed through (or around) 
it. Since the dielectric strength is affected by 
many factors, its measurement will result in large 
variations unless the conditions of test are 
standardized. 


DWV testing of unencapsulated units of voltages 
around 1KVDC and higher are generally not rec- 
ommended, unless special design criteria are 
used to prevent arc-over between the electrodes 
through the air surrounding the part. 


Dissipation Factor 

The dissipation factor of a capacitor is the ratio of 
energy dissipated to energy stored in the dielec- 
tric. DF is a measurement of the internal quality 
of the capacitor. 
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GLOSSARY 


Electronic Industry Association (EIA): 

An industry sponsored body, comprised of Man- 
ufacturers, Users and Equipment Manufacturers, 
which sets standards for Electronic Components, 
such as Capacitors, Resistors, Coils, Connectors, 
Computer Keyboards, Display Tubes; it also sets 
standards for Packaging of Components, Mea- 
surement Methods of Components, Handling 
Methods for Components, etc. 


Equivalent Series Resistance: 

All internal AC series resistance of a Capacitor 
treated as single resistance. 

Impedance (2): 

The total opposition offered to the flow of alter- 
nating current at a given frequency. 


Inductive Reactance (X.): 

Opposition offered to the flow of alternating cur- 
rent by coils, leads, solder connections or other 
inductors. 


Insulation Resistance (IR): 


the initial measurements are typically taken some 
24 hours after de-aging the parts for one hour at 
150°C + 5°C. The measurements upon the com- 
pletion of the test are again taken approx. 24 hours 
after completion. This 24 hour period insures 
that variances in capacitance are not due to the 
life test conditioning. 


MegaHertz (MHz): 

Unit of Frequency, 106 cycles per second. This is 
alwo the standard test frequency for EIA Class | 
capacitors (such as NPO or COG, N330, etc.) for 
both capacitance and DF (1/Q) measurement. 


Multilayer Capacitor: 

A ceramic capacitor, made up of several alter- 
nately stacked electrodes, separated by ceramic 
dielectric layers, fired into a single monolithic 
package. 


Q or Quality Factor is the ratio of energy dis- 


sipated to energy stored and is therefore con- 
sidered the reciprocal of DF when tested at low 
frequencies (1MHz). 


The ratio of the DC voltage applied to the terminals 
of a capacitor and the resulting leakage current 
flow after the initial charging current has ceased. 
It includes both the volume and surface resistance. Rated Working Voltage: 


Industry capacitor testing is typically performed The nominal voltage at which a capacitor can be 


aieE NOTIN charging HOME: continuously operated without derating. Ceramic 
For many types of capacitors it is expressed aS capacitors are typically rated with a DC rating; 
the product of Insulation Resistance and Capa- the AC component should typically not exceed 
citance values (megOhm-microfarad). 10% of the DC rating and the combination of AC 
and DC voltage should not exceed the rated voltage. 
An example: A 50VDC rated unit will be subjected 
to 2VAC, can this be used in a 24VDC circuit? 
OVAC converts to approx. 20VDC; when this is 


KiloHertz (KHz): 
Unit of frequency, 10° cycles per second; this is 
the standard measurement frequency for EIA 


Class Il, Ill and IV ceramic capacitors for both deducted from the 50VDC rating, this leaves 30VDC. 
capacitance and DF measurement. Since the circuit is only 24VDC, the unit will be 
Life Test: | | used within the design voltage limits. 


An accelerated test, designed to measure the Resonant Frequency (f0): 


ability of a capacitor to withstand its rated opera- 
ting conditions for a lengthy, useful life. The test 
conditions depend upon the rating of the capac- 
itor. For example, for ceramic capacitors, rated 
1000VDC or less, a common test consists of sub- 
jecting the part to a DC Voltage equal to two 
times its rated working voltage for 250, 500 or 
1000 hours at either 85°C or 125°C. Limits are 
set, per EIA Standard RS-198C, for changes in 
the properties of the capacitor after this condi- 
tioning. For Class Il, Ill and IV type capacitors, 
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The frequency at which the total inductive and 
capacitive reactance of a capacitor (or of the 
components in a circuit) are equally low. This 
results in the component’s impedance being 
equivalent to a pure resistor. 
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TANTALUM CAPACITORS 
QUICK REFERENCE INDEX 


MILITARY 


INDUSTRIAL 
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TYPE NO. DESIGNATION DESCRIPTION RANGE RANGE 
pei 


WET SLUG MIL-C-3965 210 
Hermetic Seal, Screw Mount, Cylindrical Case 
Hermetic Seal, Stud Mount, Cylindrical Case 
MIL-C-39006 Established Reliabili 
43XW 
40AW 
Extended Range, Hermetic Seal, Non-Silver Case, Axial Lead, Tubular Case 
Polar, High Etched Foil, Tubular Case, Axial Lead 
MIL-C-39006 Established Reliabili | 
[~—SOS «| CLAS? | 40FG | Non-Polar, Plain Foil Hermetic and Non-Hermetic, Axial Lead | 0.15 100 uf_|_ 15-200v_| 205 | 
CLR71 
15-150v 
SOUOSLUEMEMIOMI ee a Ba 
[| cst2_CSt3 | 4088 _| Hermetic Seal, Axial Lead, TubularCase SS —C—C~C~‘“‘*~*wdCSC*itOA-<33QF_ 6-100 245 
MIL-C-39003 Established Reliabilit 
Polar, High Frequency Hermetic, Tubular Case, Axial Lead 265 
WET SLUG S*~ésdYSs*<‘“<«*é‘«‘;S CYL 4OAW _| Hermetic, Non-Silver Case, Axial Lead, Tubular Case |S t.7-1200uf_ 4 6-125v_| 298 
Po 0BW Extended Range Hermetic, Non-Silver Case, Axial Lead, Tubular Case 
TSCO™t~—tC~SYSSSSS* EW Extended Range, Pola, Non-Hermetic, Tubular Axial | 68-1800 uf_ 6 125v_ | 313 
r+] 43W__| Hermetic, Rectangular Module, SpadeLugs ss —C~C~‘“~‘idSC*é‘t 220 150820 
TY 4OLW | Polar, Non-Hermetic, Tubular, AxialLead —C—~—~—~CsiYSCSCSCid 100 | 125v_| 829 
SYS 40SW | Hermetic, Polar, Glass to Tantalum Seal, Tubular, Axial | 17-1200 uf_ df -125v_ | 336 
TT TTTT™O™~tTCOCSCSC™S™~C™~CSSCE 40TW__[ Hermetic, Non-Silver Case, Tubular, Axial, High Temp. 
rf *«Y| | 43xW__| Hermetic, Cylindrical Case, Stud or Screw Mount | 3.5-1300uf_]_ 20-630 348 
|__| 40YW__| Miniature, Non-Acid Electrolyte, Polar, Tubular, Non-Hermetic =| O.1- 320uf_ | 6 60v_ | 352__ 
TSOLIDSLUG.=—Ss—<“‘Y.SSSS CY 41GS | Polar, Dipped, Non-Hermetic, Miniature, Radial Lead 
rT OSOC™”™O™OCSSSSS CY 4OMS Polar, Molded, Non-Hermetic, Axiallead ss CC‘“RCSCi BF | 2 SV 359 
«YY 40NS |] Non-Polar, Hermetic, Tubular Case, Axiallead SYS 0023- 160uf_ | 6-100 | 365__ 
Pee ee oe ke PAIRS Polar, Non-Hermetic, Rectangular Plastic Case, Radial Lead 
rT *«Y~| 40SS_[ Polar, Standard Hermetic, Tubular Case, AxialLead S| S—0047- 330uf_ 6-100 | 373 
TOS 40S Polar, Miniature Hermetic, Tubular Case, AxialLead |S 0047-_ 39uf_ | 4-100v_| 380_| 
OOS 40XS | Polar, Extended Range, Hermetic Tubular AxialLead | =~ 0.82-1000uf_| 6 60v_| 384 __ 
rT i«dYCS«dCS« OS | Polar, Extended Range, Hermetic, For Low Impedance Applications |__—1.0-1000 uf_ | 6- 60v_| 388 
eee F-40285] Polar, High Frequency Hermetic, Tubular Case, Axial Lead | S56 330 uf_ | 6 50v | 392__ | 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965 


DESIGN AND CONSTRUCTION 
Each capacitor is enclosed in a metallic case and is effectively 


sealed against the entry of contaminants and leakage or evaporation 
of the electrolyte. 


TERMINALS 


All terminals are permanently secured internally and externally as 
required in MIL-C-3965. All external joints are soldered or welded, all 
terminals used for soldered connections are hot-tin-dipped or soldered 
to facilitate soldering. 

DC LEAKAGE 

After a five minute, + minute period with full rated working voltage 
across the capacitor, the leakage current will not exceed the 
maximum shown in the table. 


CAPACITANCE 


Capacitors are tested in accordance with method 305 of MIL-STD-202, 
using a polarized capacitance bridge. The following details apply: 


A. Test conditions: Measurements are made at a frequency of 120 
+5Hz. The AC voltage shall be limited to 30 percent of the rated 
DC working voltage or 1 volt root-mean-square (RMS), which- 
ever is smaller. The polarizing and 120 Hz. voltages are such that 
the peak AC voltage is less than the DC voltage, and the sum of 
peak AC and DC voltages does not exceed the rated DC working 
voltage. 

B. Measurement accuracy — within +2 percent. 

C. Magnitude of polarizing voltage — of such magnitude as to 
Cause no reversal of polarity. 


STABILITY AT REDUCED AND HIGH TEMPERATURES 

The measurements specified below are made in the order shown at 
thermal stability. Thermal stability has been reached when no further 
change in capacitance is observed between two successive 
measurements taken at 15 minute intervals. 


The capacitor values at —55°C and the applicable high test 


‘temperatures do not change more than the percentage specified in 


the tables from the initial values at 25°C. The second and third 
Capacitance measurement at 25°C do not change more than +5% 
from the initial values at 25°C. 


Step Temperature Measurements 

DC Leakage 

1 25°C Capacitance 
Equivalent Series Resistance 

+0°C 
2 -55°C Impedance 

-3°C Capacitance 

DC Leakage 

3 25°C Capacitance 
Equivalent Series Resistance 

High Test 

4 Temperature DC Leakage 

3G Capacitance 
-0°C Equivalent Series Resistance 

DC Leakage 

5 25°C Capacitance 
Equivalent Series Resistance 

VIBRATION 


When testing in accordance with method 204 of MIL-STD-202 as 
modified by MIL-C-3965, these capacitors will not have intermittent con- 
tacts or exhibit open or short circuiting while under vibration or, after 
testing, be mechanically damaged. 


SALT SPRAY (Corrosion) 

There will be no harmful corrosion, and at least 90% of any exposed 
metallic surface of the capacitors will be unaffected when subjected 
to the corrosion test specified in Standard MIL-STD-202, method 101, 
test condition B. 


THERMAL SHOCK AND IMMERSION 


When tested as specified in MIL-STD-202 under method 107 and 
method 104, the capacitors will not leak electrolyte or evidence any 
harmful corrosion. The DC leakage shall not exceed 125 percent, and 
the equivalent series resistance will not exceed 115 percent, of 
their values tabulated in the table. The capacitance will not change more 
than +5 percent from that initially measured. 


INSULATING SLEEVES 


Style CL65 has insulating sleeves which, when tested as specified 
in MIL-C-3965, will not exhibit dielectric breakdown, and the insulation 
resistance will not be less than 100 meg ohms. 
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MIL-C-3965 


Military Style Tantalum Capacitors 


TERMINAL STRENGTH +2 

All terminals will withstand a pull of three pounds -O ounces in axial 
direction for 30 seconds. The lead will withstand insertion into the 
hold of a fixture so that the lower side of the weld or soldered joint is 
flush with the fixture. The case can then be forced over in such a 
manner that the tantalum stub is maintained in its axial position as 
close as possible while bending the lead until the end of the case 
touches the top surface of the fixture. When the case is returned to its 
normal position, one bend has been completed. The capacitors will 
withstand four bends in alternating directions. 


SURGE VOLTAGE 

The capacitors will withstand 1000 cycles of the DC surge voltage 
shown below. The ambient temperature during cycling is the 
ce high test temperature specified by the appropriate letter 
symbol. 

Capacitors, when subjected to 1000 cycles of the DC surge voltage 
specified above will not exhibit any electrical intermittance during 
test. On completion of testing there will be no visual evidence of 
mechanical damage or leakage of the electrolyte. The ambient 
temperature during cycling shall be the applicable high test 
temperature. (See characteristic in the coding system). 

Each cycle consists of a 30 second surge-voltage application 
followed by a 5% minute discharge period. Voltage application is 
made through a resistance of 1000 +100 ohms in series with the 
Capacitor and the voltage source. Each surge voltage cycle shall be 
performed in such a manner that the capacitor is discharged through 
the 1000 ohm resistor at the end of the 30 second application. 


MOISTURE RESISTANCE 
When tested in accordance with method 106 of Standard MIL-STD- 
202 as modified by MIL-C-3965, the capacitors will not evidence any 
harmful corrosion and will meet the following electrical requirements. 
DC Leakage — Will not exceed 125 percent of the initial require- 
ments. (See table). 
Capacitance — Will not change more than +10 percent from that 
measured prior to the start of testing. 


Symbol DC Working Surge Voltage 

Voltage at 85°C 
VOLTS VOLTS 

B 6 6.9 

Cc 8 9.2 

D 10 11.5 

E 15 17.2 

G 25 28.8 

H 30 34.5 

J 50 57.5 

K 60 69.0 

L 75 86.2 

N 100 115.0 

P 125 144.0 
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PERCENT OF RATED VOLTAGE 


MIL-C-3965 


Dissipation Factor — Will not exceed 115 percent of the initial re- 
quirement. (See table). 
Sleeved capacitors will meet the requirements listed under 
insulating sleeves after exposure to the above moisture resistance 
test. 


LIFE 
These capacitors, after being exposed for 2000 hours to the 
applicable high test temperature with continuous application of the 
DC working voltage, will meet the following requirements: 
Leakage Current — Original requirements 
(See Table). 
Capacitance — +25 - 15 percent of initial measurement. 
Equivalent Series Resistance — 130 percent of initial requirement. 
(See table). | 


BAROMETRIC PRESSURE (Reduced) . 

When tested in accordance with method 105 of Standard MIL-STD- 
202 as modified by MIL-C-3965 and stabilized at an atmospheric 
pressure of 0.82 inches of mercury for 5 minutes, will not leak 
electrolyte, show intermittent contacts or mechanical damage. 


MARKING 

Capacitors are marked in accordance with MIL-C-3965 with military 
type designation, capacitance in mfd., DC working voltage, date of 
manufacture (indicated by the number of the month followed by a 
hyphen and the last two figures of the year), and an arrow indicating 
the negative terminal, mfg. source code or logo. 


WORKMANSHIP . 
Workmanship is such as to permit the capacitors to meet all the 
requirements of this specification. 


QUALITY ASSURANCE . 

Statistical sampling and inspection are-in accordance with 
Standard MIL-STD-105. The acceptable quality levels (AQL) are as 
specified in MIL-C-3965. 


TEMPERATURE IN DEGREES CENTIGRADE 
(THIS CURVE IS USED IN CONJUNCTION WITH THE TABLE) 


ees ae 

ot il hs 
Zz he 

Pi ia 
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ohn ESRBEnAES 

-55 35 5 25 45 65 85 105 125 


AMBIENT TEMPERATURE 


APPLICABLE TO CHARACTERISTIC “‘C"’ CAPACITORS 


NOTE: 
MIL-C-3965 INACTIVE 
FOR NEW DESIGN 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/1 
STYLES CL14 & CL16 


DESIGN AND CONSTRUCTION 

Each capacitor consists of an assembly of tubular wet tantalum 
capacitors potted in a metal case and hermetically sealed with each 
terminal insulated from the capacitor case. 


TERMINALS 
Terminals are the solder-iug or screw mount type. 


D.C. LEAKAGE 

DCL shall be measured following a rated voltage electrification 
period not exceeding 5 minutes. The DCL shall not exceed the value 
shown for each specific rating. 
CAPACITANCE 

Capacitance shall be determined in accordance with Method 305 of 
MIL-STD-202 at 120 +5Hz. The magnitude of the A.C. voltage shall 
not exceed 1.0 vrms and the D.C. bias shall not exceed 2.2 VDC. 


DISSIPATION FACTOR 


When measured as specified above, the D.F. for capacitors shall 


not exceed value shown in table. 
TEMPERATURE CHARACTERISTICS 


-65 © +25 C 65.0 1256 

-60%(20v) 

-45%(30v) + 15%(>30v) + 20%(>26v) 
Capacitance -35%(->30v) -—5% of retrace + 10%(>30v) + 10%(>26v) 
Dissipation Factor -_-— Initial Limits Initial Limits Initial Limits 
DCL _—— (See Table) (See Table) (See Table) 
Impedance (See Table) —_-— a So 
LIFE TEST 


Following a 2000 hour life test at 85°C and full rated voltage applied: 

1. The DCL shall not exceed initial limit 

2. The capacitance change shall not exceed +15% 

3. The Dissipation Factor shall not exceed initial measurement. 

The above limits also apply following a life test of 2000 hours at 
125°C with derated voltage applied, except D.F. which shall not 
exceed 130% of initial limit. 


MILITARY CODING SYSTEM 


CL14 B Z 201 U P G 


SEAL TYPE — G = Hermetic 


POLARITY — P = Polar 


CAPACITANCE TOLERANCE — U = +75 — 15% 


CAPACITANCE in Microfarads first two digits are significant figures, third 
digit is number of zeroes to follow: i.e., 961 = 960uf. 


OPERATING VOLTAGE at 85°C. 


= 20 M = 90 T = 360 W = 630 
H = 30 R= 180 U = 450 
K = 60 S = 270 V = 540 


TEMPERATURE CHARACTERISTIC: B = 


full operating voltage -55°C to 


85°C and linearly derated to %4 rated voltage at 125°C. 


STYLE: Fixed non solid electrolyte sintered anode tantalum Capacitor. 
CL14 — stud and lug mount 
CL16 — screw and lug mount 


NOTE: Military number does not designate case size. See table for 
Specific capacitance and voltage rating. 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/1 
STYLES CL14 & CL16 


L .. Weleae 96 


Beratecd urge 


volts, dc | volts, dc | volts, dc 


Dimension L 
+.062 (1.57) 


Ratec 
(85°C) 


Type impedance 
Designation 1/ 


DC seis 
|e ase 


inches (mm) 


CL1-BF101UPG 
CL1-BF201UPG 
CL1-BH750UPG 
CL1-BH151UPG 
CL1-BK400UPG 
CL1-BK800UPG 
CL1-BM250UPG 
CL1-BMS00UPG 
CL1-BR120UPG 
CL1-BR250UPG 
CL1-BSO80UPG 
CL1-BS160UPG 
CL1-BTO60UPG 
CL1-BT120UPG 
CL1-BUOSOUPG 


~CL1-BU100UPG 


CL1-BVO40UPG 
CL1-BVO80UPG 
CL1-BW3R5UPG 
CL1-BWO70UPG 


coondh, 


ee ae 


oo Ve 9 
ONOMORONONOMIOADHO 


— 
CDOO=WDOOOO=]O0O=]0—-O0N00 0 ¢ 


_—" 


0.540( 13.72) 
0.732( 18.59) 
0.540( 13.72) 
0.732( 18.59) 
0.540( 13.72) 
0.732( 18.59) 
0.540( 13.72) 
0.732( 18.59) 
0.920( 23.37) 
1.300( 33.02) 
1.270( 32.36) 
1.865( 47.37) 
1.635( 41.53) 
2.420( 61.47) 
2.000( 50.80) 
2.980( 75.69) 
2.365( 60.07) 
3.532( 89.71) 
2.720( 69.09) 
4.062(103.17) 


1/ Complete type designation will include an additional symbol to indicate style. 
213.062 
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.094+.004 DIA 


094+.031—t r 


+ .031 


875 _ 945 DIA .535+.010 DIA — 
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.590+.015 


(SEE TABLE 1) 
Ll ——> 


.030+.020 —& 


___ 


.528+.015 


(SEE TABLE 1) 
STYLE CL14 


= .062 


.094+.004 DIA 


V2 — 20 UNF-2A 


379=..015 


CASE 
CIRCUIT DIAGRAM 


— 


SEE DETAIL 


.062+.010 DIA HOLE 


STYLE CLi6 


500+.015 


.094+.010 DIA HOLE 


4 .183+.010 


DETAIL OF CL14 
SOLDER-LUG TERMINAL 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/19 
STYLES CL17 & CL18 


DESIGN AND CONSTRUCTION 

Each capacitor consists of an assembly of tubular wet tantalum 
Capacitors potted in a metal case and hermetically sealed with each 
terminal insulated from the capacitor case. 
TERMINALS 

Terminals are the solder-lug or screw mount type. 


D.C. LEAKAGE 

DCL shall be measured following a rated voltage electrification 
period not exceeding 5 minutes. The DCL shall not exceed the value 
shown for each specific rating. 
CAPACITANCE 

Capacitance shall be determined in accordance with Method 305 of 
MIL-STD-202 at 120 +5Hz. The magnitude of the A.C. voltage shall 
not exceed 1.0 vrms and the D.C. bias shall not exceed 2.2 VDC. 


DISSIPATION FACTOR 
When measured as specified above, the D.F. for capacitors shall not 
exceed value shown in Table. 


TEMPERATURE CHARACTERISTICS 


65°C 20°C 85°C 125°C 
Capacitance (See Table) +5% of retrace +20% AC +25%AC 
Power Factor eee Initial Limits Initial Limits — Initial Limits 
DCL -—— (See Table) (See Table) (See Table) 
Impedance (See Table) -_-—— _-—— -—— 
LIFE TEST 


Following a 2000 hours life test at 85°C and full rated voltage 
applied: 

1. The DCL shall not exceed initial limit 

2. The capacitance change shall not exceed +20% 

3. The Dissipation Factor shall not exceed initial limit 

The above limits also apply following a life test of 2000 hours at 
125°C with derated voltage applied, except D.F. which shall not 
exceed 150% of initial limit. 


MILITARY CODING SYSTEM 


CL17 6B E 961 


SEAL TYPE — G = Hermetic 


POLARITY — P = Polar 


CAPACITANCE TOLERANCE — M = +20% 


| = +50-15% 


CAPACITANCE in Microfarads first two digits are significant figures, third 
digit is number of zeroes to follow: i.e., 961 = 960urf. 


OPERATING VOLTAGE at 85°C. 


H = 30 
J = 50 
K = 60 


M = 90 T= 360 W = 630 
R = 180 U = 450 
S:= 270 V = 540 


TEMPERATURE CHARACTERISTIC: B = full operating voltage -55° to 
85°C and linearly derated to *%4 rated voltage at 125°C. 


STYLE: Fixed non solid electrolyte tantalum capacitor. 
CL17 — stud and lug mount 
CL18 — screw and lug mount 


NOTE: Military number does not designate case size. See table for 
specific capacitance and voltage rating. 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/19 
STYLES CL17 & CL18 


‘ DC Leakage 
_Type Rated | Derated| Surge | Capaci- (max.) Dimension L 
Designation 1/ +25°C | +85°C | +125°C +.062 (1.57) 


oO 
o 


inches (mm) 


CL1-BH371-PG 
CL1-BH651-PG 
CL1-BH132-PG 
CL1-BK201-PG 
CL1-BK351-PG 
CL1-BK701-PG 
CL1-BM121-PG 
CL1-BM221-PG 
CL1-BM451-PG 
CL1-BR420-PG 
CL1-BR600-PG 
CL1-BR111-PG 
CL1-BR231-PG 
CL1-BS280-PG 
CL1-BS400-PG 
CL1-BS750-PG 
CL1-BS151-PG 
CL1-BT220-PG 
CL1-BT300-PG 
CL1-BU170-PG 
CL1-BU250-PG 
CL1-BV140-PG 
CL1-BV200-PG 
CL1-BW120-PG 
CL1-BW180-PG 


600(15.24) 
1.100(27.94) 
1.100(27.94) 

600(15.24) 
1.100(27.94) 
1.100(27.94) 

600(15.24) 
1.100(27.94) 
1.100(27.94) 

976(24.79) 

976(24.79) 
1.938(49.23) 
1.938(49.23) 
1.350(34.29) 
1.350(34.29) 
2.812(71.42) 
2.812(71.42) 
1.705(43.31) 
1.705(43.31) 
2.080(52.83) 
2.080(52.83) 
2.435(61.85) 
2.435(61.85) 
2.810(71.37) 
2.810(71.37) 


~~ 


~~ 


" 
> 
5 
3 
C) 
- 
na 
2. 
: 
“ 


eeeeeeereeeeeeeeeeezeezzE 
Sf 4 tt a ae ea 
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1/ Complete type designation will include additional symbols to indicate style and capacitance tolerance. 


<a 08 094+.010 
SEE TABLE | 
( ) / DIA. HOLE 
094+.031 ae 
| | 312 
| {g 1832.010 
| 094+.004 | : - 
|p] ova. ra 


; | aw) 128 
+.031 


Na, “ote imine 
SEE haa | 


.025+.005 


DETAIL CL17 
SOLDER-LUG TERMINAL 


.5935+.010 DIA. 


= | 
.094+.004 DIA. 


.535+.010 DIA. 
CASE 


CIRCUIT DIAGRAM 


STYLE CL17 
.094+.010 DIA. HOLE 004.031 


ave 


STYLE CL18 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/21 
STYLE CL55 


DESIGN AND CONSTRUCTION 

Each capacitor consists of an assembly of tubular wet tantalum 
capacitors potted in a metal case and hermetically sealed with each 
terminal insulated from the capacitor case. 
‘TERMINALS 

Terminals are the solder-lug type. 


D.C. LEAKAGE 


DCL shall be measured following a rated voltage electrification 
period not exceeding 5 minutes. The DCL shall not exceed the value 
shown for each specific rating. 


CAPACITANCE 


Capacitance shall be determined in accordance with Method 305 of 
MIL-STD-202 at 120 +5Hz. The magnitude of the A.C. voltage shall 
not exceed 1.0 vrms and the D.C. bias shall not exceed 2.2 VDC. 


POWER FACTOR 
When measured as specified above, the P.F. for capacitors of 50 
VDC rating and less shall not exceed 15%, and for ratings of 50 VDC or 
more shall not exceed 12%. 
TEMPERATURE CHARACTERISTICS 
55°C +25°C 85°C 125°C 
+20% of nominal 


Capacitance 35% AC +5%ofretrace +25%* AC +25% AC 
Power Factor as Initial Limits Initial Limits Initial Limits 
DCL -—— (See Table) (See Table) (See Table) 
Impedance (See Table) -—— -—— _——— 
LIFE TEST 


Following a 2000 hours life test at 85°C and full rated voltage 
applied: 


1. The DCL shall not exceed initial limit 

2. The capacitance change shall not exceed +25% 

3. The Power Factor shall not exceed 130% of initial measurement. 

The above limits also apply following a life test of 2000 hours at 
125°C with derated voltage applied. 


MILITARY CODING SYSTEM 


ont 
: 
~J 
S 
3 
3 
g 
=f 
= 
0 


CL55 8B E 961 . G 
| LO SEAL TYPE — G = Hermetic 
POLARITY — P = Polar 
CAPACITANCE TOLERANCE — M = +20% 


CAPACITANCE in Microfarads first two digits are significant figures, third 
digit is number of zeroes to follow: i.e., 961 = 960 uf. 


OPERATING VOLTAGE at 85°C. 


E =15 L=75 “ 
H = 30 N = 100 | 7 
J= 50 Q = 150 - 


TEMPERATURE CHARACTERISTIC: B = full operating voltage -55°C to 
85°C and linearly derated to % rated voltage at 125°C. 


STYLE: Fixed non solid electrolyte tantalum Capacitor. 


NOTE: Military number does not designate case size. See table for 
specific capacitance and voltage rating. 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/21 
STYLE CL55 


Voltage DC Leakage 
Type Derated (max.) 
Designation (125°C) 25°C 85°C & 125°C 


volts, dc volts, dc volts, dc 


CL55BE961MPG | 17.2 
CL55BE122MPG 17.2 
CL55BE142MPG 17.2 
CL55BE212MPG 17.2 
CL55BE242MPG 
CL55BH521MPG 
CL55BH661MPG 

| CL55BH821MPG 
CL55BH122MPG 
CL55BH132MPG 
CL55BJ401MPG 
CL55BJ431MPG 
CL55BJ501MPG 
CL55BJ601MPG 
CL55BJ801MPG 
CL55BJ102MPG 
CL55BL271MPG 
CL55BL331MPG 
CL55BL401MPG 
CL55BL601MPG 
CL55BL661MPG 
CL55BN171MPG 
CL55BN221MPG 
CL55BN261MPG 
CL55BN351MPG 
CL55BN441MPG 
CL55BQ700MPG 
CL55BQ900MPG 
CL55BQ101MPG 
CL55BQ141MPG 
CL55BQ181MPG 


1.305 + .062 
OVER COVER 
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26.97 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/4 
STYLES CL64 & CL65 
CL65 B J 820 K P E 
MILITARY acces SEAL 
CODING P = Polarized N = Non Polarized 
SYSTEM (Not available in CL64 or CL65) 
CAPACITANCE TOLERANCE 
J= +5% M = +20% 
K = +10% 
CAPACITANCE, NOMINAL 
Expressed in microfarads. First two digits are significant figures, 
third digit is number of zeros to follow. Use “R” for decimal point. 
a Examples: 1R7 means 1.7 MFD 
~ | 330 means 33 MFD 
My 331 means 330 MFD 
= RATED VOLTAGE AT 85°C 
& B= E=15 J = 50 N 
= C=8 G= 25 K = 60 P= 125 
D= 10 H = 30 L=75 
Ft) CHARACTERISTIC: 
a] Rated -55°C to +85°C 
oT Operable to 125°C with derating. 
2. STYLE: Fixed non-solid electrolytic tantalum Capacitor. 
S NOTE: Military number does not designate case size. See table for 
ed specific capacitance and voltage rating. 
% 


WELD 


.025+.002 


D/2 L 
(+.031) - 
_ CIRCUIT DIAGRAM |: : 
=) + Ts, : 
a = 094 250 » : 
CASE MAX. : 


Dimensions 


Case t/ 


D E 
Size +.031 (.79) +.016 (.41) Max +.250 (6.35) 
—.016 (.41) (CL64) (CL65) 
71 .453 (11.51) .188 (4.78) +9 5.56) 1.500 (38.10) 
T2 .641 (16.28) .281 (7.14) 312 7.92) 2:250 (57.15) 
T3 .166 (19.46) 375 (9.53) .406 (10.31) @.290 (97~1 5) 


1/ For Style CL65, nonshrinkable sleeving shall extend .016 inch minimum, 0.62 inch maximum, 
beyond each end of the case: shrinkable sleeving shall lap over the ends of case. 


NOTES: 
1. All dimensions in inches. 
2. Millimeters are in parentheses. 


3. Metric equivalents (to the nearest .01 mm) are given for general information and are based upon 1 inch =25.4 mm. 
4. The weld shall not be enclosed in the end seal. 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/4 
STYLES CL64 & CL65 


Voltage . | DC leakage (max.) Capacitance change 


Type Derated Capaci- 1+85°C &} factor Case 
designation 1/ (+125°C) tance 2/ : : C/+125°C| size 


volts, dc} volts, dc | volts, dc 


Cc 
» 
Cc 
pe) 


percent 


9.1 
20.0 
20.8 
63.3 
44.4 
78.8 

7.5 
16.8 
55.3 
67.5 

6.1 
11:6 
13.0 
47.8 
35.4 
65.9 

5.7 
12.4 
13.0 
34.5 
24.6 
52.0 

46 

8.3 
30.0 

— 47.7 

45 

9.1 
T2)) 
29.6 
18.6 
41.5 

3.4 

6.0 
FAG 
20.9 
13.5 
24.2 

3.0 

5.0 

7.6 
20.3 
15.1 
29.3 

25) 

4.1 

7a 


CL6-BB300-PE 
CL6-BB680-PE 
CL6-BB141-PE 
CLG6-8B271-PE 
CL6-BB331-PE 
CL6-BB561-PE 
CL6-BC250-PE 
CL6-BC560-PE 
CL6-8C221-PE 
CL6-BC431-PE 
CL6-BD200-PE 
CL6-BD470-PE 
CL6-BD101-PE 
CL6-BD181-PE 
CL6-BD251-PE 
CL6-BD391-PE 
CL6-BE150-PE 
CL6-BE330-PE 
CL6-BE700-PE 
CL6-BE121-PE 
CL6-BE171-PE 
-CL6-BE271-PE 
CL6-BG100-PE 
CL6-BG220-PE 
CL6-BG101-PE 
CL6-BG181-PE 
CL6-BHO80-PE 
CL6-BH150-PE 
CL6-BH400-PE 
CL6-BH680-PE 
CL6-8H101-PE 
CL6-BH151-PE 
CL6-BJO050-PE 
CL6-BJ100-PE 
CL6-BJ250-PE 
CL6-BJ470-PE 
CL6-BJ600-PE 
CL6-BJ820-PE 
CL6-BKO040-PE 
CL6-BK8R2-PE 
CL6-BK200-PE 
CL6-BK390-PE 
CL6-BK500-PE 
CL6-BK680-PE 
CL6-BL3R5-PE 
CL6-BL6R8-PE 
CL6-BL150-PE 
CL6-BL330-PE 
CL6-BL400-PE 
CL6-BL560-PE 
CL6-BN2R5-PE 
CL6-BN4R7-PE 
CL6-BN110-PE 
CL6-BN220-PE 
CL6-BN300-PE 
CL6-BN430-PE 
CL6-BP1R7-PE 
CL6-BP3R6-PE 
CL6-BPO90-PE 
CL6-BP140-PE 
CL6-BP250-PE 


—_ 


- 
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1/ Complete type designation will include additional symbols to indicate style and capacitance tolerance. 
2/ The asterick (*) indicates high-capacitance series. 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/24 
STYLES CL66 & CL67 


MILITARY Se 


J 820 
— GLASS TO METAL HERMETIC SEAL 
CODING 
P = Polarized N = Non Polarized 
SYSTEM (Not available in CL66 or CL67) 
CAPACITANCE TOLERANCE 


J= +5% M = +20% 
K = +10% 


CAPACITANCE, NOMINAL 
Expressed in microfarads. First two digits are significant fig- 


Rated -55°C to +85°C 
Operable to 125°C with derating. 


STYLE 
CL66 uninsulated 
CL67 insulated. 


ures, third digit is number of zeros to foliow. Use “R” for decimal 
on" point. Examples: 1R7 means 1.7 MFD 
3 330 means 33 MFD 
or 331 means 330 MFD 
e RATED VOLTAGE AT 85°C 
S B=6 E=15 J= 50 N = 100 

C=8 G= 25 K = 60 P= 125 

it D=10 H = 30 L=75 
3S CHARACTERISTIC: 
o 
Ba 
5 
> | 
A 


NOTE: Military nurnber does not designate case size. 
See table for specific capacitance and voltage 


rating. 
D/2 
(+.031) c 


WELD 


0252002 


DIMENSIONS — INCHES (mm) 
ae 
+.031( .79) +.016( .41) +.250(6.35) 
—.016( .41) (CL66) ep 


.453(11.51)  .188(4.78) 219( 5.56) 1.500(38.10) 
641(16.28) 281(7.14) .312( 7.92) 2,250(57.15) 
.766(19.46) 375(9.53) .406(10.31) 2,250(57.15) 


1/ For style CL67, nonshrinkable sleeving shall extend .016 inch minimum, .062 inch maximum, 
beyond each end of the case; shrinkable sleeving shall lap over the ends of the case. 
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Military Style Tantalum Capacitors 


MIL-C-3965/24 
STYLES CL66 & CL67 


Capacitance change 


Case 
+85°C |+125°C| size 


Cap. 
Capaci- toler- 
tance 2/ ance 


Type 
designation 1/ 


(+85°C) | (+125°C)]| (+85°C) 


volts, dc | volts, dc | volts, dc 


CL6-BB300-PG 
CL6-BB680-PG 
CL6-BB141-PG 
CL6-BB271-PG 
CL6-BB331-PG 
CL6-BB561-PG 
CL6-BC250-PG 
CL6-BC560-PG 
CL6-BC221-PG 
CL6-BC431-PG 
CL6-BD200-PG 
CL6-BD470-PG 
CL6-BD101-PG 
CL6-BD181-PG 
CL6-BD251-PG 
CL6-BD391-PG 
CL6-BE150-PG 
CL6-BE330-PG 
CL6-BE700-PG 
CL6-BE121-PG 
CL6-BE171-PG 
CL6-BE271-PG 
CL6-BG100-PG 
CL6-BG220-PG 
CL6-BG101-PG 
CL6-BG181-PG 
CL6-BHO80-PG 
CL6-BH150-PG 
CL6-BH400-PG 
CL6-BH680-PG 
CL6-BH101-PG 
CL6-BH151-PG 
CL6-BJO50-PG 

CL6-BJ100-PG 

CL6-BJ250-PG 

CL6-BJ470-PG 

CL6-BJ600-PG 

CL6-BJ820-PG 

CL6-BK040-PG 
CL6-BK8R2-PG 
CL6-BK200-PG 
CL6-BK390-PG 
CL6-BK500-PG 
CL6-BK680-PG 
CL6-BL3R5-PG 
CL6-BL6R8-PG 
CL6-BL150-PG 

CL6-BL330-PG 

CL6-BL400-PG 

CL6-BL560-PG 

CL6-BN2R5-PG 
CL6-BN4R7-PG 
CL6-BN110-PG 
CL6-BN220-PG 
CL6-BN300-PG 
CL6-BN430-PG 
CL6-BP1R7-PG 
CL6-BP3R6-PG 
CL6-BP090-PG 

CL6-BP140-PG 

CL6-BP250-PG 
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pO-A?—]— =| |= PP —] S@ SB AH ND | |] SH ABP NM —] SH |] AND —] |] | AH ND |] |= | | Dh |] | AH MND — |] ]H] AH ND |] AH AH AD AW HK AH DD AS A A Ot 


1/ Complete type designation will include additional symbols to indicate style and capacitance tolerance. 
2/ The asterick (*) indicates high-capacitance series. 
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Military Style Tantalum Capacitors 


MIL-C-39006 


DESIGN AND CONSTRUCTION 

Each fixed capacitor consists of a sintered tantalum anode isolated 
by an electrolytically formed oxide dielectric, and a thixotropic non 
solid electrolyte cathode, enclosed ina tubular fine grade silver metal 
case and integrally sealed. 


CASE INSULATION | 

Insulating sleeving is of nonfungus nutrient material and will not 
shrink, creep, or soften so as to expose the cylindrical portion of the 
case following any of the tests described herein. The dielectric 
strength of the insulating material shall not be less than 2000 volts and 
the insulation resistance shall not be less than 100 megohms. 


LEADS 

Leads are of solid conductor type of length and diameter described 
in tables. The anode lead is of N5 type to MIL-STD-1276, and cathode 
lead is of C5 copper. | 

Each lead shall withstand 4 bends, and one 3 pound lead pull 
without loosening, breaking or showing other permanent damage. 
One bend will consist of rotating the capacitor body 90° from vertical 
to horizontal and return while the lead is firmly held within .313 inches 
of the body. 


DC LEAKAGE 
DCL shall be measured following a rated voltage electrification 
period not exceeding 5 minutes. 


‘CAPACITANCE 

Capacitance shall be determined in accordance with Method 305 of 
MIL-STD-202 at 120 +5Hz. The magnitude of the A.C. voltage shall 
not exceed 1.0V RMS and the bias shall not exceed 2.2V DC. 


DISSIPATION FACTOR 

Shall be determined by a polarized bridge. 
IMPEDANCE 

+0° 

The capacitor shall be conditioned at -55°C -3°C for a period of not 
less than 30 minutes or until stable measurements can be obtained. 
The impedance shall then be measured directly or determined from 
measurements obtained on a bridge. Measurements shall be made at 
120 +5Hz. Measurement accuracy shall be within +5 percent. 


SHOCK, MEDIUM IMPACT 

Capacitors shall be tested in accordance with method 213, 
condition of MIL-STD-202. The following details and exceptions shall 
apply. 

(a) Special mounting means: Capacitors with axial-wire lead 
terminals shall be rigidly mounted on a mounting fixture to the 
body with their terminals secured to rigidly supported stud- 
terminals, So spaced that the length of each terminal from the 
Capacitor is approximately .375 inch when measured from the 
edge of the supporting stud-terminal. Capacitor terminals shall 
be within 30 degrees of being parallel. When securing capacitor 
terminals, care shall be taken to avoid pinching the capacitor 
terminals. 

(b) Test-condition letter — | (Sawtooth) 

(c) Measurements and electrical loading during shock: DC rated 
voltage shall be applied to the capacitor during test. Obser- 
vations shall be made to determine intermittent contact or 
arcing or open- or short-circuiting. Detecting equipment shall be 
sufficiently sensitive to detect any interruption of 0.5 ms or 
greater duration. 

When capacitors are tested as specified, there shall be no 
intermittent contacts of 0.5 millisecond (ms) or greater duration, or 
arcing or any other indication of breakdown, nor shall there by any 
open- or short-circuiting, mechanical damage, or leakage of 
electrolyte. 


=— 
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VIBRATION, HIGH FREQUENCY 
Capacitors shall be tested in accordance with method 204 of MIL- 
STD-202. The following details and exceptions shall apply: 

(a) Mounting of specimens: The body of the capacitor shall be 
rigidly mounted to the vibration-test apparatus. 

(b) Test-condition letter — B (15G). The motion shall be applied for 
a total of 8 hours (4 hours in each of two mutually perpendicular 
directions, one parallel to and the other perpendicular to the 
cylindrical axis). 

(c) Measurements: During the last 30 minutes of vibration in each 
direction, an electrical measurement shall be made on the 

Capacitors to determine intermittent contacts or open- or short- 
circuiting. Detecting equipment shall be sufficiently sensitive to 
detect any interruption of 0.5 ms or greater duration. 

(d) Capacitors must also meet the end point electrical require- 
ments specified, and when devices are tested as specified, 
there shall be no intermittent contacts of 0.5 ms or greater 
duration, open- or short-circuiting, mechanical damage, or leak- 
age of electrolyte. 

SALT SPRAY (Corrosion) 

Capacitors shall be tested in accordance with method 101 of MIL- 
STD-202. The following details and exception shall apply. 

(a) Applicable salt solution — 5 percent. 

(b) Test-condition letter — B (48 hours). 

(c) Measurements after test — Not applicable. 

When capacitors are tested as specified, there shall be no harmful 
corrosion, and at least 90 percent of any exposed metal surface of the 
capacitor shall be protected by the finish. There shall be no unwrapping 
of, or mechanical damage to the insulation sleeving, when applicable. 
Marking shall remain legible. 


NOTE: Harmful corrosion shall be construed as being any type of 
corrosion which in any way interferes with the mechanical 
or electrical performance of the capacitor. 


THERMAL SHOCK 

THERMAL SHOCK: Capacitors shall be tested in accordance with 
method 107 of MIL-STD-202. The following details and exception 
shall apply: 

(a) Conditioning prior to first cycle — 15 minutes at room ambient 

conditions. 
+4C 
(b) Test condition letter — A, except 125°C -O0 C and 30 cycles. 
(c) Measurements before and after cycling — Not applicable. 


SURGE VOLTAGE 
Capacitors shall be subjected to 1,000 cycles of the applicable surge 
voltage. The ambient temperature during cycling shall be 85°C. Each 
cycle shall consist of a 30-second surge voltage application followed 
by a 5¥2-minute discharge period. Voltage application shall be made 
through a resistance of 1,000 +100 ohms including the source in 
series with the capacitor and the voltage source. Each surge voltage 
cycle shall be performed in such a manner that the capacitor is 
discharged through the 1,000-ohm resistor at the end of the 30- 
second application. The test shall be terminated on the discharge 
portion of the cycle. During the test, an electrical measurement shall 
be made to detect intermittent contacts and open- and short- 
circuiting. After the test, capacitors shall be visually examined for 
mechanical damage and leakage of electrolyte. 

When capacitors are tested as specified, there shall be no 
intermittent contacts, open- or short-circuiting, mechanical damage, 
or leakage of electrolyte. 
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MOISTURE RESISTANCE LIFE TEST 
Capacitors shall be tested in accordance with method 106 of MIL- Capacitors shall be tested in accordance with method 108 of MIL- 


STD-202. The following details and exceptions shall apply: 

(a) Mounting — Except during examination and measurements, 
capacitors shall be securely fastened by normal mounting 
means. 

(6) Polarization and loading voltages — 6 volts dc. 

(c) Step 7b — Vibration is not required during step 7b. 

(d) Final measurements — After the final cycle and within 2 to 6 
hours after removal of the capacitors from the humidity 
chamber, the dc leakage, capacitance, and power factor shall 
be measured as specified at the initial inspection conditions. 


When tested as specified, capacitors shall meet the following 
requirements: 

DC leakage — Shall not exceed 125 percent of the applicable value 
specified. 

Capacitance — Shall change not more than +8% from the initial 
measured value. 

Power factor — Shall not exceed 115 percent of the applicable 
value specified. 

Visual examination — There shall be no evidence of harmful 
corrosion, mechanical damage, obliteration of marking, or leakage of 


electrolyte. 


STABILITY AT LOW AND HIGH TEMPERATURES 

The measurements specified shall be made in the order shown. The 
Capacitors shall be brought to thermal stability. Thermal stability will 
have been reached when no further change in capacitance is 
observed between two successive measurements taken at 15- 
minute intervals. 


When tested as specified, capacitors shall meet the following 
requirements: 


Step 1 (+25°C): 
DC leakage — shall not exceed the applicable value specified. 
Capacitance — Shall be within the applicable tolerance specified. 
Power factor — Shall not exceed the applicable value specified. 
Step 2 (-55°C): 
Impedance — Shall not exceed the applicable value specified. 
Capacitance — Shall change not more than the percent specified 
from the step 1 measured value. 


Step 3 (+25°C): 
DC leakage — shall not exceed the applicable value specified. 
Capacitance — Shall change not more than +5% from the step 1 
measured value. 
Power factor — Shall not exceed the applicable value specified. 


STD-202. The following details and exceptions shall apply. 

(a) Distance of temperature measurements from specimens, in 
inches — Not applicable. 

(b) Method of mounting — Capacitors shall be mounted by their 
terminals. 

ot 

(c) Test temperature and tolerance — 85° -0° C. 

(d) Operating conditions — DC rated voltage shall be applied 
gradually (not to exceed 5 minutes either by a slow build-up of 
the voltage or through a resistor which shall be shorted out 
within 5 minutes). Voltage shall be applied continuously except 
for measurement periods. The impedance of the voltage 
source, as seen from the terminals of each capacitor, shall not 
exceed 10 ohms. Storage batteries, or an electronic power 
supply, capable of supplying at least 100 milliampers when a 
capacitor is shorted out shall be used. For nonpolarized 
capacitors, the voltage shall be reversed every 125 + 10 hours. 

+72 

(e) Test-condition letter — F (2,000 -O hours). 

(f) Measurements during exposure (at = — DC leakageshall 

+ 


be measured as specified at 0; 240 -0; 
+48 +72 | 
1000 -0; and 2,000 -0 hours. 

(g) Measurements after exposure — Capacitors shall be returned 
to the inspection conditions specified and dc leakage, 
capacitance and power factor shall be measured as specified. 

(h) Examination after test — Capacitors shall be visually examined 
for damage, obliteration of marking, and leakage of electrolyte. 


AFTER 2000 HOURS 

DC leakage (at 85°C and 25°C) — Shall not exceed the applicable 
value specified. 

Capacitance — Shall change not more than +10% from the initial 
measured value. 

Dissipation factor — Shall not exceed the applicable value 
specified. : 

Visual examination — There shall be no damage, obliteration of 
marking, or leakage of electrolyte. 


AFTER 10,000 HOURS 
Except as specified in the following, capacitors shall be tested as 
specified above. 
+96 
(a) Test duration shall be 10,000 -O hours. 
(b) DC leakage shall be measured during exposure at 0; 


Step 4 (+85°C): +48 +48 +72 +72 
DC leakage — Shall not exceed the applicable value specified. 240 -0 ; 1,000 -O ; 2,000 -0; and every 2,000 -0 hours there- 
Capacitance — Shall change not more than the percent specified +96 


from the step 1 measured value. 
Power factor — Shall not exceed the applicable value specified. 


Step 5 (+125°C): 
DC leakage — Shall not exceed the applicable value specified. 
Capacitance — Shall change not more than the percent specified 
from the step 1 measured value. 
Power factor — Shall not exceed the applicable value specified. 


Step 6 (+25°C): 
DC leakage — Shall not exceed the applicable value specified. 
Capacitance — Shall change not more than +5% from the step 1 
measured value. 
Power factor — Shall not exceed the applicable value specified. 
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after until 10,000 -O hours have elapsed. In addition, insulated 
Capacitors shall be tested for dielectric withstanding voltage 
and insulation resistance. 
When tested as specified above, capacitors shall meet the 
following requirements: 
DC leakage (at 85°C) — Shall not exceed 125 percent of the 
applicable value specified. 
DC leakage (at 25°C) — Shall not exceed the applicable value 
specified. 
Capacitance — Shall change not more than +10. -60% from the 
initial measured value. 
Dissipation factor — Shall not exceed 200% of the applicable value 
specified. 
Dielectric withstanding voltage and insulation resistance (insulated 
Capacitors only) — Shall meet the requirements specified. 
Visual examination — There shall be no damage, obliteration of 
marking, or leakage of electrolyte. 
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Military Style Tantalum Capacitors 


MIL-C-39006 


For Quality Conformance capacitors shall be tested as specified 
and the following requirements apply: 


DC leakage (at 85°C and 25°C) — Shall not exceed the applicable 
value specified. 


Capacitance — Shall change not more than +10 percent from the 
initial measured value. 


Dissipation factor — Shall not exceed the applicable value 
specified. 

Visual examination — There shall be no damage, obliteration of 
marking, or leakage of electrolyte. | 


QUALITY CONFORMANCE INSPECTION 

For quality conformance inspection capacitors shall be Group B 
tested as shown in the table below, on an inspection lot sampling 
basis: (Group C environmentals are also a requirement.) 


Requirement Test Sample selection 
Test paragraph |paragraph (all FR levels) 


Subgroup 1 
Stability at low 
and high tempera- 


1.5% AQL 
10.0% LQ 


No. of sample units 
to be inspected 
(all FR levels) 


Subgroup 2 
Thermal shock : ve 20 3/ 
Life (10,000-hour @ 85°C) 1/ 1 


ant 
2 
~I 
is 
3 
Ss 
9 
+ 
P. 


24. 4.7.20. 0 
Life (10,000-hour @ 125°C) 1/ ely alee 10 2/ 


1/ Only unit hours generated at 85°C shall be used for FR level computation. 
2/ One failure (maximum) permitted per 80,000 unit hours. 
3/ Twenty samples minimum; reject criteria shall be 0.65% AQL and 11.0% LQ.” 


NOTE: Parts undergoing above referenced testing will not be 
Shipped as standard product. 
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Military Style Tantalum Capacitors 


MIL-C-39006/18 
STYLE CLR10 


CAPACITORS, FIXED, ELECTROLYTIC (NONSOLID ELECTROLYTE), TANTALUM, 
(POLARIZED, SINTERED SLUG), 85°C (VOLTAGE DERATED TO 125 C), 
ESTABLISHED RELIABILITY. 

M39006 / 18 - 1000 


whee DASH NUMBER FROM TABLE. For specific value 


Mi LITARY of Capacitance, Capacitance Tolerance, Voltage, 

CODING Fuse Size, and Failure Rate Level the table must 
b ‘ 

SYSTEM e consulted 


DETAIL SHEET FOR APPLICABLE STYLE /18 is CLR10. 


MIL-C-39006—Generic specification for established 
reliability non-solid electrolyte tantalum capacitors. 


Capacitor characteristics 


PART NO. M39006/18 
FAILURE RATE LEVEL (%/1 ,000 Hr.) 


RATED 
VOLTAGE 
(85°C) 


DIMENSION 
+.062 (1.57) 


DC LEAKAGE 
(Max.) 


uA | uA uA 


uF 


percent 


47 
47 


volts, dc inches (mm) 


8 (11.13) 
pe (14.27) 
438 (11.13) 
562 (14.27) 
438 (11.13 
562 (14.27 
438 (11.13 

( 

8 ( 

( 

8 ( 

( 


ont 
Q)° 
$ 
5 
3 
C) 
‘ 
a 
S 
g 
7) 


582 14.27) 

11.13) 
se 14.27) 

11.13) 
562 14.27) 
719 (18.26) 
938 (23.83) 
1.031 (26.19) 
1,375 (34.93) 
1.312 (33.32) 
1.781 (45.24) 


CASE 
CIRCUIT DIAGRAM 
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MIL-C-39006/19 
STYLE CLR14 
CAPACITORS, FIXED, ELECTROLYTIC (NONSOLID ELECTROLYTE), TANTALUM, 
(POLARIZED, SINTERED SLUG), 85°C (VOLTAGE DERATED TO 125°C), 
ESTABLISHED RELIABILITY. 
M39006/19 - 1000 
Lo DASH NUMBER FROM TABLE. For specific value 
of Capacitance, Capacitance Tolerance, Voltage 
MILITARY Fuse Size, and Failure Rate Level the table must 7 
CODING be consulted. 4 
SYSTEM 


DETAIL SHEET FOR APPLICABLE STYLE /19 is CLR14. 


MIL-C-39006—Generic specification for established : 
reliability non-solid electrolyte tantalum capacitors. 4 


Capacitor characteristics | 
ee 7 C)_siereotussonead 
(Max.) DIMENSION L FAILURE RATE LEVEL (%/1,000 Hr.) : 


: .) | +.062 (1.57) 
25°C 85°C 125°C 


volts, dc inches (mm) 


20 : 0.540 (13.72) 
20 ; 0.732 (18.59) 
30 ; 0.540 (13.72) 
; 0.732 (18.59) 

0.540 (13.72) 

0.732 (18.59) 


= 
: 
5 
= 
: 
© 
S 
a 


0.540 (13.72) 
0.732 (18.59) 
0.920 (23.37) 
1.300 (33.02) 
1.270 (32.36) 
1.865 (47.37) 
1.635 (41.53) 
2.420 (61.47) 
2.000 (50.80) 
2.980 (75.69) 
2.365 (60.07) 
3.532 (89.71) 
2.720 (69.09) 
4.062(103.17) 


094 + .004 DIA. 


.535 DIA. 
+.010 


- 


.875 DIA. 


+.031 
=—O15 


| 
-L .025 + .005 


\ SEE 193 MAX. 
DETAIL 

sly ee 094 DIA. HOLE 

406 { +.010 

+.062 

ft 183 + .010 

- CASE DETAIL OF 
CIRCUIT DIAGRAM SOLDER-LUG TERMINAL 
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MIL-C-39006/20 
STYLE CLR17 


CAPACITORS, FIXED, ELECTROLYTIC (NONSOLID ELECTROLYTE), TANTALUM, 


(POLARIZED, SINTERED SLUG), 85°C (VOLTAGE DERATED TO 125°C), 
ESTABLISHED RELIABILITY. 


M39006 / 20 - 1000 


he. DASH NUMBER FROM TABLE. For specific value 


MILITARY of Capacitance, Capacitance Tolerance, Voltage, 
CODING : Fuse Size, and Failure Rate Level the table must 
be consulted. 
SYSTEM Sy 
DETAIL SHEET FOR APPLICABLE STYLE /20 is CLR17. ~ 
MIL-C-39006—Generic specification for established S 
reliability non-solid electrolyte tantalum capacitors. “< 
& 
1.125 DIA. L 406 3 
Le ee — — .094 + .031 © 
Ss 
312 g 
\ 094 + .004 “ 
DIA. Pa 
St 


SEE DETAIL 
.025 + .005 


535 + .010 
DIA. 


.094 + .010 
DIA. HOLE 


tL .183 + .010 


DETAIL OF 
SOLDER-LUG TERMINAL 


ay “ : 
CASE 


CIRCUIT DIAGRAM 
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MIL-C-39006/20 
STYLE CLR17 


Rated 
voltage 
(+85°C) 


voits, dc 


228 


30 
30 
30 
30 
30 
30 
60 
60 
60 
60 
60 
60 
90 
90 
90 
90 
90 
90 
180 
180 
180 


Cap. 
toler- 
ance 


DC leakage 
max 


+25°C +25°C  +85°C  +125°C | +125°C 


Capacitor characteristics 


Dimension L 
+.062 (1.57) 


inches (mm) 


600 (15.24) 

600 (15.24) 
1.100 (27.94) 
1.100 (27.94) 
1.100 (27.94) 
1.100 (27.94) 

600 (15.24) 

600 (15.24) 
1.100 (27.94) 
1.100 (27.94) 
1.100 (27.94) 
1.100 (27.94) 

600 (15.94) 

600 (15.94) 
1.100 (27.94) 
1.100 (27.94) 
1.100 (27.94) 
1.100 (27.94) 

976 (24.79) 

976 (24.79) 

976 (24.79) 

976 (24.79) 
1.938 (49.23) 
1.938 (49.23) 
4.938 (49.23) 
1.938 (49.23) 
1.350 (34.29) 
1.350 (34.29) 
1.350 (34.29) 
1.350 (34.29) 
2.812 (71.42) 
2.812 (71.42) 
2.812 (71.42) 
2.812 (71.42) 
1.705 (43.31) 
1.705 (43.31) 
1.705 (43.31) 
1.705 (43.31) 


2.080 (52.83) 


2.080 (52.83) 
2.080 (52.83) 
2.080 (52.83) 
2.435 (61.85) 
2.435 (61.85) 
2.435 (61.85) 
2.435 (61.85) 
2:810 (7.1.37) 
2.810 (71.37) 
2.810 (71.37) 
2.810 (71.37) 


Part No. M39006/20- 


Failure rate level (%/1,000 hr) 


Elid Mail 
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MIL-C-39006/09 
STYLE CLR65 


M39006 / 09 - 8000* 


MILITARY | DASH NUMBER FROM TABLE. For specific value 

of Capacitance, Capacitance Tolerance, Voltage, 
CODING Fuse Size, and Failure Rate Level the table must 
SYSTEM be consulted. 


DETAIL SHEET FOR APPLICABLE STYLE - /09 is CLR65. 


MIL-C-39006—Generic specification for established 
reliability non-solid electrolyte tantalum capacitors. 


end 
*Substitution for 2000, 4000 and 6000 Series which cannot carry JAN code. S 

oe, 

et) 

D/2 L WELD c 

+.031 

(+.031) E | = 
| 025+.002 o 

i‘ ) 

~ 

ia 5 2 

b Uet 2250 a 

MAX. wax S 

& 

—-,,+ 
ae 


CASE 


CIRCUIT DIAGRAM 


Dimensions — Inches (mm) 


L 1/ D E 
+.031(.79) 
~.016(.41) +.016(.41) +,250(6.35) 


.453(11.51) .188(4.78) .219( 5.56 


) 1.500(38.10) 
.641(16.28) .281(7.14) 312(. 7,92) 2.250(57.15) 
.166(19.46) .375(9.53) .406(10.31) 2.250(57..15) 

1.062(26.97) .375(9.53) .406(10.31) 2.250(57.15) 


1/ Length of basic case; sleeving shall be as specified in MIL-C-39006. 
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s10zvedey unyjezuel Co 


MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/09 
STYLE CLR65 
TANTALUM-TO-GLASS HERMETIC SEAL 


Capacitance change at Part No. 4@39006/09- 


Case Failure rate level (%/1,000 hr) 


u 


A 


Rated 


1 
1 
1 
1 
1 
1 
| 
1 
1 
1 
| 
1 
2 
Z 
2 
2 
e 
2 
' 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
4 
4 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
Z 
2 
2 
2 
4 
4 
1 
1 
1 
1 
; 
1 
1 
1 
1 
1 
1 
1 
2 
2 
Z 


1/ The asterisk (*) indicates high-capacitance series. 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/09 STYLE CLR65 
’ TANTALUM-TO-GLASS HERMETIC SEAL 


DC leakage (max) Capacitance change at Part No. M39006/09- 


Rated Cap. - Case Failure rate level (%/1,000 hr) 
voltage | Cap. 1// toler- | +25°C |+85°C @ -55°C | +85°C | +125°C| size L 
(+85°C) ance +125°C (2.0) 


c 
> 


ant 
a 
= 
I 
~ 
: 
C) 
3 
Mo 
g. 
: 
7) 


2 
2 
2 
6 
6 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
t 
7 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
8 
8 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
Pd 
2 
2 
8 
8 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


BSSSSSSSSSSSSe sss sgsusgusgasas 


SSSsSESSSESS 


1/ The asterisk (*) indicates high-capacitance series. 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/09 
STYLE CLR65 
TANTALUM-TO-GLASS HERMETIC SEAL 


\ 


wf 


DC leakage (max)| Dissi- Capacitance change at Part No. M39006/09- ; 


. Case Failure rate level (%/1,000 hr) 
- | +25°C |+85°C &| factor -55°C | +85°C | +125°C | size 
+125°C 
uA uA 


“16 
-16 
-16 
4 
-32 
-32 
-40 
-40 
-16 
-16 
-16 
-20 
“20 
-20 
“16 
-16 
“16 
-24 
-24 
-24 
“16 
“16 
“16 
-28 
-28 
-28 
-35 
-35 
“16 
-16 
-16 
-16 
-16 
-16 
-16 
*16 
-16 
“16 
-16 
-16 
-16 
“16 
-16 
“20 
-20 
“20 
-25 
“20 
“16 
-16 
“16 
“16 
-16 
“16 
215 
“16 
-16 
"16 
-16 
-16 
“15 
“16 
“16 
-16 
-16 
“16 
-25 
-25 


NNNNNN A AAA AHA HWA H]]3-3 43 OONNNNNADND = =] ] ] BB BoB oA Ku 4 OMONNNNNNDA ]AAWABA a2 32 ooo anna uM @mnNnnnnnp 


1/ The asterisk (*) indicates high-capacitance series. NOTE: “L“ Level Inactive for New Design. 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/22 

STYLE CLR79 

APPROVED BY DESC TO THE 
“H” CHARACTERISTIC 


M39006/22-0437 


DASH NUMBER FROM TABLE. For specific value 


MILITARY of Capacitance, Capacitance Tolerance, Voltage, 
CODI N Case Size, and Failure Rate Level the table must 
G be consulted 
SYSTEM | 
DETAIL SHEET FOR APPLICABLE STYLE — /22 is CLR 79. 
MIL-C-39006—Generic specification for established a 
reliability non-solid electrolyte tantalum capacitors. 3 
 & 
et 
"ip, 
5 
D/2 L WELD 
(+.031) 2) 
E it) 
025+.002 Ss 
rs 
< | a 
L 8 
| 094 250 % 
D MAX. ax 
i ~ 


CASE 


CIRCUIT DIAGRAM 


Dimensions — Inches (mm) 


Basic case Insulated case 


L* 
+.031 (.79) 
—.016 (.41) +.016 (.41) +.250 (6.35) 


.453 (11.51) .188 (4.78) .219 ( 5.56) 1.500 (38.10) 
.641 (16.28) .281 (7.14) 312 ( 7.92) 2.250 (57.15) 
.766 (19.46) 375 (9.53) .406 (10.31) 2.250 (57.15) 
1.062 (26.97) 375 (9.53) .406 (10.31) 2.250: (57.15) 


*Length of basic case; sleeving shall be as specified in MIL-C-39006. 
Failure rate level “L” inactive for new design after May 22, 1976. 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/22 
STYLE CLR79 


Cap. Part No. M39006/22-* 
toler- 


ance 


Capacitance 
change at 


+85°C |+125°C| ripple 
current 
% % 


% 


Case 


ant 
7 
5 
3 
y 
3 
9 
3 
p. 


NNNNNNNNNNNNNNNNNNNNOOOOHHAAHHHHHATHHHHHAHAAARRADADDRDAAAADRADADRARAADA 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
Fe 
2 
3 
3 
1 
1 
1 
1 
; 
: 
; 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
4 
4 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
v4 
2 
4 
4 


See footnotes at end of table. 
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MIL-C-39006 


Military Style Tantalum Capacitors 


1/ 
Rated Cap. DC leakage 
voltage toler- max) voltage |voltage 


34.5 
34.5 
34.5 
34.5 
34.5 
34.5 
34.5 
34.5 


(+85°C) ance (max) |(+125°C) (+85°C) 
+125°C 

% uA uA Vde 
+20 1 2 172 
+10 1 2 172 
+ 5 1 2 172 
+20 1 y] 17.2 
+10 1 2 17.2 
+ 5 1 2 17.2 
+20 1 4 172 
+10 1 4 17:2 
+5 1 4 17:2 
+20 1 7 172 
+10 1 7 17:2 
+5 1 Z. 17:2 
+20 2 17.2 
+10 2 t7.2 
+ 5 2 17:2 
+20 2 17.2 
+10 2 172 
+ 5 2 172 
+20 6 17.2 
+10 6 17.2 
+20 1 28.8 
+10 1 28.8 
+ 5 1 28.8 
+20 1 28.8 
+10 1 28.8 
+5 1 28.8 
+20 1 28.8 
+10 1 28.8 
+ 5 1 28.8 
+20 1 28.8 
+10 1 28.8 
+5 1 28.8 
+20 2 28.8 
+10 2 28.8 
+5 2 28.8 
+20 2 28.8 
+10 2 28.8 
+5 2 28.8 
+20 7 28.8 
+10 7 28.8 
+20 1 34.5 
+10 1 34.5 
+ 5 1 34.5 
+20 1 34.5 
+10 1 34.5 
+ 5 1 34.5 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

8 

8 


30 
30 
30 
30 
30 
30 
30 
30 


See footnotes at end of table. 


Iimped- 


ance 
(max) 


Ohms 


155 
155 
155 
90 
90 
90 
75 


Capacitance 
change at 


MIL-C-39006/22 
STYLE CLR79 


Failure 


0061 
0062 
0063 
0064 
0065 
0066 
0067 
0068 
0069 
0070 
0071 
0072 
0073 
0074 
0075 
0076 
0077 
0078 
0079 
0080 
0081 
0082 
0083 
0084 
0085 
0086 
0087 
0088 
0089 
0090 
0091 
0092 
0093 
0094 
0095 
0096 
0097 
0098 
0099 
0100 
0101 
0102 
0103 
0104 
0105 
0106 
0107 
0108 
0109 
0110 
0111 
0112 
0113 
0114 
0115 
0116 
0117 
0118 
0119 
0120 


Part No. M39006/22-* 


rate level (%/1,000 hr) 


0281 

0282 
0283 
0284 
0285 
0286 
0287 
0288 
0289 
0290 
0291 

0292 
0293 
0294 
0295 
0296 
0297 
0298 
0299 
0300 
0301 

0302 
0303 
0304 
0305 
0306 
0307 
0308 
0309 
0310 
0311 

0312 
0313. 
0314 
0315 
0316 
0317 
0318 
0319 
0320 
0321 

0322 
0323 
0324 
0325 
0326 
0327 
0328 
0329 
0330 
0331 

0332 
0333 
0334 
0335 
0336 
0337 
0338 
0339 
0340 
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oh 


ant 
2 
~I 
s 
3 
3 
9 
= 
= 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/22 
STYLE CLR79 


Part No. M39006/22- * 
Case Failure rate level (%/1,000 hr) 


: Capacitance 
change at 
+85°C |+125°C, ripple 


% % % 
1 -16 +5 +6 
1 -16 +5 +6 
1 -16 +5 +6 
1 -24 +8 | +9 
1 -24 + 8 +9 
1 -24 + 8 +9 
1 -20 +10.5 
1 20 +10.5 
1 20 +10.5 
1 28 +13 
1 28 +13 
1 -28 +13 
2 16 +10.5 
2 16 +10.5 
2 -16 +10.5 
2 -32 +13 
2 32 +13 
2 -32 +13 
8 50 +25 
8 -50 +25 
1 2 -16 + 5 
1 2 -16 + 5 
1 2 -16 +5 
1 2 -24 + 8 
1 2 -24 + 8 
1 2 -24 + 8 
1 5 -16 +10.5 
1 5 -16 +10.5 
1 5 -16 +10.5 
1 9 -28 | +105 
1 9. -28 +10.5 
1 9 -28 +10.5 
2 12 16 +10.5 
2 12 -16 +10.5 
2 12 16 +10.5 
2 16 32 +10.5 
2 16 32 +10.5 
2 16 -32 +10.5 
8 32 40 +20 
8 32 -40 +20 
1 2 -16 +5 
1 2 -16 + 5 
1 2 -16 +5 
1 2 -20 + 8 
1 2 -20 + 8 
1 2 -20 + 8 
1: 5 -16 + 8 
1 5 -16 + 8 
1 5 -16 + 8 
1 10 -24 +10.5 
1 10 24 +10.5 
1 10 +24 +10.5 
2 12 -16 +10.5 
2 12 -16 +10.5 
2 12 16 +10.5 
2 17 28 +10.5 
2 17 28 +10.5 
2 17 28 =| +10.5 
fe) 36 35 +20 
9 36 


See footnotes at end of table. 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/22 
STYLE CLR79 


Cap. DC leakage i Derated | Surge Capacitance Part No. M39006/22-* 
toler- (max) voltage | voltage change at Failure rate level (%/1,000 hr) 
ance | +25°C |+85°C & —55°C | +85°C | +125°C| ri 

+125°C 


c 
> 
c 

> 


OOO HA BHM NP MPN PS 


ont 
& 
= 
I 
S 
3 
C) 
~ 
: 
S 
® 


+Ht+t+++tHe+eettettttttet¢et¢ttttt+e+eete+etts 
NN NNNNNAN NNN NNN NNN O10 OOO MOM OO NANNNNAN 
+Ht+tte+teeettteettttettettetgttt++e+eeteettest 
CO CO CO CO OH CH OC CO © C OO OC © CO OO CO OC. V1 U1 CO OH CO OH OO CO OC CO © OH OO OHO OO MOM. 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
9 
9 
1 
1 
1 
1 
1 
1 
1 
1 
{ 
1 
1 
1 
ys 
2 
Fs 
2 
2 
2 
0 
0 


++ 
——k hs 
ono 


1 
1 


current 
Ambient still air 


100% 
90% 
80% 
70% 

<66 %% 


% of 85 C rated 
peak voltage 


1/Reverse voltage rating at 85°C is 3 VDC and at 125°C is 2 VDC. 
2/For ripple current limits at various temperatures, voltages, and frequencies, see table directly above. 


*For the optional vibration & shock requirements (i.e.,51G Random Vibration, 80G Sinusoidal Vibration, and 500G Shock) the letter “H” must appear 
following the four digit dash number. 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/25 

STYLE CLR81 

APPROVED BY DESC TO THE 

“H” CHARACTERISTIC —-- M39006/25-0326 

H NUMBER FROM TABLE. For ific val 
MILITARY epee BEIT ite een oes. 
apd ai Sala oe Failure Rate Level the table must 
e consulte 


DETAIL SHEET FOR APPLICABLE STYLE-—/25 is CLR 81. 


MIL-C-39006—Generic specification for established 
reliability non-solid electrolyte tantalum capacitors. 


| TERM. LOC. WITHIN 
ee TANTALUM FEED— 031 (79) R. OF 
et) TERMINAL THROUGH .078 (1.98) TRUE POSITION 
= WELDED TO CASE MAX DIA 

S .250 (6.35) MAX 

———_—$—<—$———— WN 
\ 
= \ 

xs} DIA \ j 

es b \ x/ 

© 094MAX, 0} [TT EXTERNAL 

eh (2.38) WELD 025+.002 GLASS 

8 (SEE NOTE 4) (.64+.05) 

Py E = 

INSULATING SLEEVE kL 


so 
Famers} 
CASE 

CIRCUIT DIAGRAM 


L! D 
+.031(.79) 
—.016(.41) 


E 


+,.016(.41) F 250(6.35) 


.453(11.51) .188(4.78) .219( 5.56) 1.500(38.10) 
.641(16.28) .281(7.14) .312( 7.92) 2.290(57.15) 
.166(19.46) .375(9.52) .406(10.31) 2.290(57.15) 
1.062(26.97) .375(9.52) .406(10.31) 2.290(57.15) 


‘Length of basic case; sleeving shall be as specified in MIL-C-39006. 
NOTES: 

1. Dimensions are in inches. 

2. Metric equivalents are in parentheses. 

3. Metric equivalents are given for general information only. 


FIGURE 1. Style CLR81 capacitors. 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/25 
See footnotes at end of table. STYLE CLR81 
Rated’ | Capacitance change at 


Failure rate level (%/1,000 hr) 
voltage Cap. eS 
(+85°C) | Sap. +85°C |+125°C 


volts, dc 


OMDDADDDWDAADDWDHDDMD®| MD 


~ 
2 
=f 
2 
& 
3 
©) 
3 
a 
a. 
5 
“ 


2 
2 
3 
3 
5 
5 
6 
6 
2 
2 
3 
3 
5 
5 
7 
ri 
2 
2 
3 
3 
5 
5 
7 
7 
2 
2 
3 
3 
6 
6 
8 
8 
2 
2 
3 
3 
7 
7 
8 
8 
2 
2 
3 
3 
8 
8 
9 
9 
2 
2 
4 
4 
8 
8 
9 
i] 
3 
3 
4 
4 
8 
8 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/25 
STYLE CLR81 


VOLTAGE DERATING WITH TEMPERATURE 


BPG A A A ROT A AP a 
BEE EH ENS 


100 


PERCENT OF RATED VOLTAGE 


-99 35 20 25 45 65 85 105 125 


ot 
my 
= 
~ 
: 
) 
& 
‘~ 
8 
Pt TEMPERATURE IN DEGREES CELSIUS 
eS 

a 


REQUIREMENTS: 
Design and construction: . 
Dimensions and configuration—See figure 1. 
Case tvpe—Tantalum. tubular, insulated. 
Seal type—Hermetic (glass-to-tantalum seal). 
Terminals—Axial-wire lead: 
Cathode and anode (type N5 of MIL-STD-1276). 
Rated temperature——55°C to +85°C, voltage derated 
to +125°C (see figure 2). 
Rated voltage—See table I. 
Capacitance (Cap.) (nom)—See table I. 
Cap. tolerance—+10 or +20 percent (see table |). 
FR level—M, PR, (see table 1). 
DC leakage (DCL) (max) (at 25°C): See table |. 
Cap (nom): Method 305 of MIL-STD-202. See table I. 
Dissipation factor (DF) (max): See table I. 
Seal: Method 112 or MIL-STD-202, conditions A and C. 
Shock (specified pulse): Method 213 of MIL-STD-202, 
condition | (100g) or condition D (500g), as applicable. 
Vibration, high frequency: Method 204 of MIL-STD-202, 
condition D (20g) or condition H (80g), as applicable. 
Random vibration (when applicable): Method 214 of 
MIL-STD-202, test condition II-K (51g). 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/25 
STYLE CLR81 

Life at 85°C: Method 108 of MIL-STD-202. Barometric pressure: Method 105 of MIL-STD-202, 

2,000-hr (qualification): condition E (150,000 ft). 
DCL—See table I. Test voltage—Rated voltage. 

A Cap.—Within +10% of initial measurement. Resistance to soldering heat: Method 210 of MIL-STD-202, 

DF—See table I. condition B. 

10,000-hr (group B) and extended life: DCL—See table I. 
DCL (85°C)—125% (max) of table | value. A Cap.—Within +5% of initial measurement. 
DCL (25°C)—See table I. DF—See table I. 

A Cap.—Within +10%, —20% of initial measurement. Marking: In accordance with MIL-C—39006. 
DF—200% (max) of table | value. Polarity—Series of plus (+) symbols encircling 
DWV—2,000 V de, min. positive end (see figure 1). 

IR—100 megohms, min. Voltage groups (85°C rated voltage): 

AC ripple life at 85°C (qualifications and group C): b ctea peewee ee anes werree 6 to 15 Vinclusive 
Test ripple current—see table |. Il en acea ha eue este oaae a 25to 75V inclusive 
as rea of rated voltage (see table |). Wc awvancane aed oeang ba hee oe 100 to 125 V inclusive 

L—See table I. on. | 

A Cap.—Within +10% of initial measurement. ue ga aca as Or MIE-S Brena 
DF—See table : A Cap.—Within +10% of initial measurement. 

Vacuum life: Not applicable. DF—See table I. 


DWV—2,000 V dc, min. 
IR—100 megohms, min. 

10,000-hr (group B): 
DCL (125°C)—125% (max) of table | value. 
DCL (25°C)—See table I. 

A Cap.—Within +10%, —20% of initial measurement. 

DF—200% (max) of table | value. 
DWV—2,000 V dc, min. 
IR—100 megohms, min. 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/25 
STYLE CLR81 


RIPPLE CURRENT MULTIPLIERS VS FREQUENCY, TEMPERATURE, AND APPLIED PEAK VOLTAGE. 


Frequency of 
applied ripple 
current 


Ambient still 
air 


NOTES: 
1. At 125°C the rated voltage of the capacitors decreases to 66-2/3% of the 85°C rated voltage. 


2. The peak of the applied ac ripple voltage plus the applied dc voltage must not exceed the dc voltage rating of the capacitor either wat or reverse. 


3. The ripple current listed in table | represents a rating calculated using a maximum internal temperature rise (AT) of 50°C at 40 kHz at 85°C ambient with a maximum peak rated 
voltage of 66-2/3% of the 85°C peak voltage rating. 


4. The maximum allowable internal temperature rise (AT) decreases linearly to a calculated 10°C rise at 125°C ambient. 
5. The internal temperature rise is directly proportional to the ESR of the Capacitor, and ESR increases with decreasing frequency. 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/25 
STYLE CLR81 


Thermal shock: Method 107 of MIL-STD-202, condition A — Stability at low and high temperatures: 


(with step 3 at +125°C). Step 1 (+25°C): 
Number of cycles—300 for qualification and group C— DCL—See table I. 
30 for group B. Cap.—Within tolerance of table | value. 
DCL—200% (max) of 25°C value of table | for DF—See table I. 
qualification and group C. Step 2 (—55°C): 
DCL—125% (max) of 25°C value of table | for Imp.—See table I. 
group B. | A Cap.—See table I. 
A Cap.—Within +5% of initial measurement. Step 3 (+25°C): 
DF—115% (max) of initial measurement. DCL—See table I. 
Salt spray (corrosion): Method 101 of MIL-STD-202, A Cap.—Within +5% of step 1 value. 
condition B (48 hrs.). DF—See table |. 
Solderability: Method 208 of MIL-STD-202. | Step 4 (+85°C): 
Terminal strength: ~DCL-See table I. 
Pull—Method 211 of MIL-STD-202, condition A. A Cap.—See table I. 
Wire-lead bend—In accordance with MIL-C-39006. DF—See table I. 
Surge voltage: See table I. Step 5 (+125°C): 
Moisture resistance: Method 106 of MIL-STD-202. DCL—See table |. 
DCL—125% (max) of 25°C value of table I. A Cap.—See table |. 
A Cap.—Within +8% of initial measurement. DF—See table |. 
DF—115% (max) of initial requirement. aa : ae 7 , 
: wat . ; —See table I. 
een ae vis ll menoas yo! rat Saar ak of step 1 value. 
—See table |. 


Insulation resistance (IR): Method 302 of MIL-STD-202, 


condition B. 100 megohms, min. Reverse voltage: As specified in MIL-C-39006. 


DCL—See table I. 


Low temperature (storage): Method 502 of MIL-STD-810. A Cap.—Within tolerance of table | value. 
DCL—See table I. DF—See table | 
A Cap.—Within +5% of initial measurement. 
DF—See table I. 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/25 
STYLE CLR81 
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Reverse voltage rating at 85°C is 3 V dc, and at 125°C is 2 V dc. 

2For ripple current limits at various temperatures, voltages, and frequencies, see table II. 

3Dash number will include the letter “H” to indicate the optional vibration and shock requirements 
(i.e, 51 g random vibration, 80 g sinusoidal vibration, and 500 g shock) or “—” will be deleted. 
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MIL-C-26655B 


Military Style Tantalum Capacitors 


MIL-C-26655B 
STYLES CS12 & CS13 


MILITARY CODING SYSTEM 


Csi2 B B 475 K 


| Ee TOLERANCE 


K +10% 
M +20% 


CAPACITANCE 
Nominal capacitance in micro farads. 
First two digits are significant figures, 3rd figure Is 
number of zeros to follow. 
Example: 475 means 4.7 MFD; 476 means 47 MFD. 


VOLTAGE 
B=6 E=20 H=75 
C=10 F=35 J=100 
D=15 G=850 


CHARACTERISTIC 
B 
-55°C to +85°C at full rated voltage, 
to +125°C with derated voltage. 


SLYLE 
CGS12 Csi3 
Tantalum Tantalum 
id ; . slug slug 
NOTE: Military number does not designate case size. solid electrolyte solid electrolyte 
See table for specific capacitance and unsleeved metal sleeved metal 
voltage rating. case. 


case. 


OUTLINE DRAWING AND DIMENSIONS 


_ CIRCUIT DIAGRAM ~ 


one ee 


io 


Dimensions for style CS13, insulated (mm) 


D 
+0.016 (.41) 
—0.010 (.25) 


D 
+0.016 (.41) 
—0.015 (.38) 


0.422 (10.7) 0.250 ( 6.4) 0.422 (10.7) 0.020 (.51) 
0.610 (15.5) arate 1) 0.610 (15.5) 0.020 (.51) 
0.822 (20.9) 0.650 (16.5) 0.822 (20.9) 0.025 (.51) 
0.922 (23.4) 0.750 (19.1) 0.922 (23.4) 0.025 (.64) 


NOTE: MIL-C-26655 is a cancelled specification. Current military contracts should order MIL-C-39003. Substitutable parts. 
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MIL-C-26655B 


Military Style Tantalum Capacitors 


MIL-C-26655B 
STYLES CS12 & CS13 


DC Dissipation factor at: Does 
Type rated Capaci- Cap. +25°C +85°C Case 
designation 1/ voltage tance Tolerance +25°C +55°C +125°C -55°C +125°C size CS12 CS13 


volts uf ua percent percent 

CS1-BB565K 6 5.6 K 3 4 A 
CS1-BB685K 6 6.8 K 6 6 A 
CS1-BB685M 6 6.8 M 6 6 A 
CS1-BB476K 6 47 K 6 6 B 
CS1-BB476M 6 47 M 6 6 B 
CS1-BB566K 6 56 K 6 6 B 

na CS1-BB157K 6 150 K 8 8 C 
% CS1-BB157M 6 150 M 8 8 c 
~ | CS1-BB187K 6 180 K 8 8 C 
Ls CS1-BB277K 6 270 K 8 8 D 
@ | cs1-B8337K 6 | 330 K 8 8 D 
~ CS1-BB337M 6 330 M 8 8 D 
= CS1-BC395K 10 3.9 K 3 4 A 
CS1-BC475K 10 47 K e 4 A 
CS1-BC475M 10 4.7 M 3. 4 A 

© CS1-BC276K 10 27 K 6 6 B 
CS1-BC336K 10 33 K 6 6 B 
» CS1-BC336M 10 33 M 6 6 B 
S CS1-BC396K 10 39 K 6 6 B 
a CS1-BC826K 10 82 K 6 6 C 
pa CS1-BC107K 10 100 K 8 8 C 
S CS1-BC107M 10 100 M 8 8 C 
“ CS1-BC127K 10 120 K 8 8 C 
CS1-BC187K 10 180 K 8 8 D 
CS1-BC227K 10 220 K 8 8 D 
CS1-BC227M 10 220 M 8 8 D 
CS1-BD275K 15 2.7 K 3 4 A 
CS1-BD335K 15 a3 K 3 4 A 
CS1-BD335M 15 3.3 M 2 4 A 
CS1-BD186K 15 18 K 6 6 B 
CS1-BD226K 15 22 K 6 6 B 
CS1-BD226M 15 22 M 6 6 B 
CS1-BD566K 15 56 K 6 6 C 
CS1-BD686K 15 68 K 6 6 C 
CS1-BD686M 15 68 M 6 6 C 
CS1-BD127K | 15 120 K 8 8 D 
CS1-BD157K 15 150 K 8 8 D 
CS1-BD157M 15 150 M 8 8 D 
CS1-BE125K 20 1.2 K 3 4 A 
CS1-BE155K 20 1.5 K 6 4 A 
CS1-BE155M 20 1.5 M 3 4 A 
CS1-BE185K 20 1.8 K 3 4 A 
CS1-BE225K 20 oo K 3 4 A 
CS1-BE225M ZO 22 M So 4 A 


1/ Complete type designation will include additional symbols to indicate style, and where applicable, capacitance tolerance. 
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MIL-C-26655B 


Military Style Tantalum Capacitors 


MIL-C-26655B 
STYLES CS12 & CS13 


7] | oc teakagest: | ovasipation actor at | 
Type rated Capaci- Cap. +25°C +85°C Case 
Tolerance , +85°C +125°C 55°C +125°C size Csi2 CS13 
ua 


designation 1/ voltage tance 
percent percent 


< 
oO 
+ 
” 
Cc 
=h 
¢ 
pe¥) 


ua 
CS1-BE825K 20 8.2 K 2 20 25 6 6 B 
CS1-BE106K 20 10 K 3 30 38 S 6 B 
CS1-BE106M 20 10 M 3 30 38 6 6 B 
CS1-BE126K 20 12 K 3.5 35 44 6 6 B 
CS1-BE156K 20 15 K 4 40 6 6 B 
CS1-BE156M 20 15 M 4 40 6 6 B 
CS1-BE276K 20 a7 K 5 50 6 6 C 
CS1-BE336K 20 33 K 7 70 6 6 C a 
CS1-BE336M 20 33 M 7 70 6 6 C es 
CS1-BE396K 20 39 K 8 80 6 6 C ok 
CS1-BE476K 20 AT K 9 90 6 6 C 9 
CS1-BE476M 20 47 M g 90 6 é C ~ 
CS1-BE566K 20 56 K 11 6 6 D s 
CS1-BE686K 20 68 K 14 140 6 6 D 3 
CS1-BE686M 20 68 M 14 140 6 8 D 
CS1-BE826K 20 82 K 16 160 6 6 D 2) 
CS1-BE107K 20 100 K 20 200 8 8 D % 
CS1-BE107M 20 100 M 90 900 8 8 D S 
CS1-BF334K 35 0.33 K 5 5 3 4 A oT) 
CS1-BF334M 35 0.33 M 5 5 3 4 A ° 
CS1-BF394K 35 0.39 K 5 5 3 4 A th 
CS1-BF474K 35 0.47 K 5 5 3 4 A S 
CS1-BF474M 35 0.47 M 5 5 3 4 A = 
CS1-BF564K 35 0.56 K 5 5 3 4 A ~ 
CS1-BF684K 35 0.68 K 5 5 3 4 A 
CS1-BF684M 35 0.68 M 5 5 3 4 A 
CS1-BF824K 35 0.82 K 6 6 3 4 A 
CS1-BF105K 35 1.0 K 6 6 3 4 A 
CS1-BF105M 35 1.0 M 6 6 3 4 A 
CS1-BF125K 35 12 K 6 6 3 4 B 
CS1-BF155K 35 15 K 8 8 3 4 B 
CS1-BF155M 35 1.5 M 8 8 ° 4 B 
CS1-BF185K 35 1.8 K 1 fe 4 B 
CS1-BF225K 35 22 K {2 3 4 B 
CS1-BF225M 35 29 M 12 3 4 B 
CS1-BF275K 35 oF K 15 3 4 B 
_CS1-BF335K 35 26 K 2 3 4 B 
CS1-BF335M 35 3.3 M 2 3 4 B 
CS1-BF395K 35 3.9 K 25 3 4 B 
| CS1-BF475K 35 A7 K 25 3 4 B 
|. CS1-BF475M 35 4.7 M 25 3 4 B 
; 35 5.6 K 25 3 4 B 
| CS1-BF685K 35 6.8 K 3 6 6 B 
~ CS1-BF685M 35 6.8 M 3 6 6 B 
CS1-BF825K 35 8.2 K 3 6 6 C 


1/ Complete type designation will include additional symbols to indicate style, and where applicable, capacitance tolerance. 
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MIL-C-26655B 


Military Style Tantalum Capacitors 


MIL-C-26655B 


STYLES CS12 & CS13 
Dc siathiNiuitioat 
Type rated Capaci- Cap. +85°C Case 
designation 1/ voltage tance Tolerance +25°C +85°C +125°C +125°C size 
uf ua ua ua percent : | 


CS1-BF106K 

CS1-BF106M 

CS1-BF126K 

CS1-BF156K 

CS1-BF156M 
CS1-BF186K 

CS1-BF226K 

CS1-BF226M 
CS1-BF276K 

CS1-BF336K 

CS1-BF336M 
CS1-BF396K 

CS1-BF476K 

CS1-BF476M 
CS1-BG105K 
CS1-BG105M 
CS1-BG125K 
CS1-BG155K 
CS1-BG155M 
CS1-BG185K 
CS1-BG225K 
CS1-BG225M 
CS1-BG275K 
CS1-BG335K 
CS1-BG335M 
CS1-BG395K 
CS1-BG475K 
CS1-BG475M 
CS1-BG565K 
CS1-BG685K 
CS1-BG685M 
CS1-BG825K 
CS1-BG106K 
CS1-BG106M 
CS1-BG126K 
CS1-BG156K 
CS1-BG156M 
CS1-BG186K 
CS1-BG226K 
CS1-BG226M 
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1/ Complete type designation will include additional symbols to indicate style, and where applicable, capacitance tolerance. 
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MIL-C-26655B 


Military Style Tantalum Capacitors 


MIL-C-26655B 
STYLES CS12 & CS13 


Type rated Capaci- 
designation 1/ voltage tance 


DC Te leakage at: | dibechiiieber.. Li Ta | 
Cap. Case 
Tolerance size CS12 css 3 


Seo +85°C. 
+25°C | 405% +125°C Seo +125°C 


uf percent percent 


CS1-BH104K 75 10 K 5 5 3 4 A 
CS1-BH104M 75 10 M 5 5 3 4 A 
CS1-BH124K 75 12 K 5 5 3 4 A 
CS1-BH154K 75 15 K 5 5 3 4 A 
CS1-BH154M 75 15 M 5 5 3 4 A 
CS1-BH184K 75 18 K 5 5 3 4 A 
CS1-BH224K 75 29 K 5 5 3 4 A hy 
CS1-BH224M 75 20 M 5 5 3 4 A = 
CS1-BH274K 75 27 K 5 5 3 4 A ~4 
CS1-BH334K 75 33 K 5 5 3 4 A ry 
CS1-BH334M 75 23 M 5 5 3 4 A — 
CS1-BH394K 75 39 K 5 5 3 4 A © 
CS1-BH474K 75 AT K 5 5 3 4 A = 
CS1-BH474M 75 47 M 5 5 3 4 A 
CS1-BH564K iS 56 K 5 5 3 4 A ?) 
CS1-BH684K 75 68 K 5 5 3 4 A rN) 
CS1-BH684M 75 68 M 5 5 3 4 A xs 
CS1-BH824K 75 82 K 5 5 3 4 5 My 
CS1-BH105K 75 1.0 K 5 5 rc 4 3 9S 
CS1-BH105M 75 1.0 M 5 5 3 4 B ~t 
CS1-BH125K 75 12 K 5 5 3 4 B ~) 
CS1-BH155K 75 1.5 K 1.0 3 4 B ry 
CS1-BH155M 75 1.5 M 1.0 3 4 B ~” 
CS1-BH185K 75 1.8 K 10 3 4 B 
CS1-BH225K | 75 20 K 1.5 3 4 B 
CS1-BH225M 75 29 M 1.5 3 4 = 
CS1-BH275K 75 2.7 K 1.5 3 4 B 
CS1-BH335K 75 3.3 K 2 3 4 B 
CS1-BH335M 75 3.3 M 2 3 4 B 
CS1-BH395K 75 3.9 K 2 3 4 B 
CS1-BH475K 75 47 K 6 3 4 C 
CS1-BH475M 75 4.7 M 6 3 4 C 
CS1-BH565K 75 5.6 K 6 3 4 C 
CS1-BH685K 75 6.8 K 10 6 6 C 
CS1-BH685M 75 6.8 M 10 6 6 C 
CS1-BH825K 75 8.2 K 10 6 6 C 
CS1-BH106K 75 10 K 10 6 6 C 

| CS1-BH106M 75 10 M 10 6 6 C 
CS1-BH126K 75 12 K 10 G 6 D 
CS1-BH156K 75 15 K 14 6 6 D 
CS1-BH156M 75 15 M 14 6 6 D 


1/ Complete type designation will include additional symbols to indicate style, and where applicable, capacitance tolerance. 
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MIL-C-26655B 


Military Style Tantalum Capacitors 


MIL-C-26655B 
STYLES CS12 & CS13 


Type 


CS1-BJ472K 
CS1-BJ472M 
CS1-BJ562K 
CS1-BJ682K 
CS1-BJ682M 
CS1-BJ822K 
CS1-BJ103K 
CS1-BJ103M 
CS1-BJ123K 
CS1-BJ153K 
CS1-BJ153M 
CS1-BJ183K 
CS1-BJ223K 
CS1-BJ223M 
CS1-BJ273K 
CS1-BJ333K 
CS1-BJ333M 
CS1-BJ393K 
CS1-BJ473K 
CS1-BJ473M 
CS1-BJ563K 
CS1-BJ683K 
CS1-BJ683M 
CS1-BJ823K 
CS1-BJ104K 


CS1-BJ104M © 


CS1-BJ124K 
CS1-BJ154K 
CS1-BJ154M 
CS1-BJ184K 
CS1-BJ224K 
CS1-BJ224M 
CS1-BJ274K 
CS1-BJ334K 
CS1-BJ334M 
CS1-BJ394K 
CS1-BJ474K 
CS1-BJ474M 
CS1-BJ564K 
CS1-BJ684K 
CS1-BJ684M 
CS1-BJ824K 
CS1-BJ105K 
CS1-BJ105M 
CS1-BJ125K 
CS1-BJ155K 
CS1-BJ155M 
CS1-BJ185K 
CS1-BJ225K 
CS1-BJ225M 
CS1-BJ275K 


designation 1/ 
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Dash Number 


CS12 


0341 
0343 
0345 
0347 
0349 
0351 
0353 
0355 
0357 
0359 
0361 
0363 
0365 
0367 
0369 
0371 
0373 
0375 
0377 
0379 
0381 
0383 
0385 
0387 
0389 
0391 
0393 
0395 
0397 
0399 
0401 
0403 
0405 
0407 
0409 
0411 
0413 
0415 
0417 
0419 
0421 
0423 
0425 
0427 
0429 
0431 
0433 
0435 
0437 
0439 
0441 


1/ Complete type designation will include additional symbols to indicate style, and where applicable, capacitance tolerance. 
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MIL-C-39003 


Military Style Tantalum Capacitors 


DESIGN AND CONSTRUCTION 


MIL-C-39003 


Each established reliability capacitor consists of a highly purified contacts of 0.5 milliseconds (ms) or greater duration, or arcing or 
sintered tantalum anode body utilizing an electrolytically formed other indication of breakdown, nor shall there by any open- or short- 
oxide dielectric, and a solid electrolyte, enclosed in a hermetically circuiting or evidence of mechanical damage. 


sealed metal case with axial leads. This construction will enable the 
Capacitor to withstand the most stringent environmental requirements. 


CASE INSULATION 

Case insulation of Style CSR capacitor will not soften or creep at 
the high ambient temperature. Insulation shall possess a minimum 
dielectric strength of 2000 VDC and insulation resistance of 1000 
megohms minimum. 


TERMINALS 

Leads are the solid conductor type with lengths and diameters spe- 
cified in table. Material is Type N4 to MIL-STD-1276 electro tin plated to 
provide coverages and solderability as specified in MIL-STD-202. method 
208. The tin content of the coating does not exceed 70 percent. N5 (Hot 
Solder Dipped) leads are an option. 

Each lead shall withstand five bends and five twists per method 214 
of MIL-STD-202, without loosening, breaking, or showing other 
permanent damage. One bend consists of rotating the capacitor body 
90° from vertical to horizontal and return with a three (3) pound weight 
attached to the lead. One twist is defined as one 360° rotation of the 
lead about its own axis in a period not to exceed 5 seconds. 


D.C. LEAKAGE 

D.C. leakage shall be measured using the dc rated voltage at +2 
percent at the applicable test temperature, after a maximum electri- 
fication period of 5 minutes. A 1,000-ohm resistor shall be placed in 
series with the capacitor to limit the charging current. A steady source 
of power, such as a regulated power supply shall be used. 
Measurement accuracy shall be within +2 percent or 0.02 
microampere (ua), whichever is greater. 


CAPACITANCE 
Capacitors shall be tested in accordance with method 
305 of MIL-STD-202. The following details shall apply: 
(a) Test frequency — 120 + 5 Hertz (cycles per second). 
(b) Limit of accuracy — Measurement accuracy shall be 
within +2 percent of the reading. 
(c) Magnitude of polarizing voltage — Maximum dc bias 
shall be 2.2 volts for all ac measurements. The magnitude 
of the ac voltage shall be limited to 1.0 volts rms. 


DISSIPATION FACTOR 

The dissipation factor of each capacitor shall be measured at a 
frequency of 120 + 5 Hertz (Hz) by means of a polarized capacitance 
bridge. The bridge shall provide a dial reading accuracy of 0.1 percent 
dissipation factor and a measuring accuracy of + 2 percent of the 
measured dissipation factor plus 0.1 percent. 


SHOCK, MEDIUM IMPACT 
Capacitors shall be tested in accordance with method 205 of MIL- 
STD-202. The following details and exceptions shall apply: 

(a) Special mounting means — Capacitors shall be rigidly mounted 

on a mounting fixture by the body. Leads shall be secured to 

_ rigidly supported terminals, so spaced that the length of each 
lead from the capacitor is approximately ¥% inch when measured 
from the edge of the supporting terminal. Leads shall be within 
30 degrees of being parallel. When securing leads, care shall be 
taken to avoid pinching the leads. 

(b) Test condition letter — C (30-inch drop). 

(c) Measurements and electrical loading during shock — during the 
test, observations shall be made to determine intermittent 
contact or arcing or open or short-circuiting. Detecting equip- 
ment shall be sufficiently sensitive to detect any interruption 
with a duration of 0.5 ms. The dc rated voltage shall be applied to 
the capacitors during the test. 


When capacitors are tested as specified there shall be no intermittent 
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VIBRATION, HIGH FREQUENCY 
Capacitors shall be tested in accordance with method 204 of MIL- 
STD-202. The following details and exceptions shall apply: 

(a) Mounting of specimens — Capacitors shall be securely 
mounted by their leads and by their bodies by supplementary 
mounting means. 

(b) Electrical-lioad conditions — During the test, the specified dc 
rated voltage shall be applied to the capacitors. 

(c) Test condition letter — D (20G’s). 

(d) Duration and direction of motion — 4 hours in each of two 
mutually perpendicular directions (total of 8 hours), one parallel 
and the other perpendicular to the cylindrical axis. 

(e) Measurements during vibration — During the last cycle, an 
electrical measurement shall be made to determine intermittent 
operation or oDen- or short-circuiting. Observations shall also 
be made to determine intermittent contact or arcing or open- or 
short-circuiting. Detecting equipment shall be sufficiently sensi- 
tive to detect any interruption with a duration of 0.5 ms, or 
greater. 


When capacitors are tested as specified, there shall be no inter- 
mittent contacts of 0.5 ms or greater duration, or arcing or other 
indication of breakdown, nor shall there be any open- or short- 
circuiting or evidence of mechanical damage. 


SALT SPRAY (Corrosion) 

Capacitors shall be tested in accordance with method 101 of MIL- 
STD-202. The following details and exception shall apply: 

(a) Applicable salt solution — 5 percent. 

(b) Test condition letter — B (48 hours). 

When capacitors are tested as specified, there shall be no harmful 
corrosion, and at least 90 percent of any exposed metal surface of the 
capacitor shall be unaffected. In addition, there shall be not more than 
10 percent corrosion of the terminal surface. There shall be no 
unwrapping or mechanical damage to insulating sleeves. The marking 
shall remain legible. | 


THERMAL SHOCK AND IMMERSION 

THERMAL SHOCK: Capacitors shall be tested in accordance with 
method 107 of MIL-STD-202. The following details and exceptions 
shall apply: . 

(a) Conditioning prior to first cycle — 15 minutes at the inspection 
conditions specified in MIL-STD-202. 

(b) Test condition letter — B. 

(c) Measurements before and after cycling — Not applicaole. 

IMMERSION: Following temperature cycling, capacitors shall be 

tested in accordance with method 104 of MIL-STD-202. The follow- 
ing details and exceptions shall apply: 

(a) Test condition letter — B. 

(b) Measurements after final cycle — Within 30 minutes after 
removal from the final immersion bath, the dc leakage, cap- 
acitance, and dissipation factor shall be measured as specified 
above. 

(c) Examination after test — Capacitors shall be visually examined 
for evidence of corrosion, mechanical damage, and obliteration 
of marking. 

When tested as specified, capacitors shall meet the following 

requirements: 

DC leakage — Shall not exceed the requirement specified in table 

for specific rating. 

Capacitance — Shall change not more than +3 percent from the 

initial value. 

Dissipation factor — Shall not exceed the requirement specified in 

tabie for specific rating. 
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MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003 


RADIOGRAPHIC INSPECTION 

Capacitors shall be X-rayed in one plane at 90-degree rotation per- 
pendicular to their longitudinal axis for evidence of improperly made 
connections, misalignment of slugs and seals or eyelets, sub- 
standard soldering or structural weakness, or solder particles: or 
slivers attached to one end. The X-rays thus obtained shall be 
retained by the manufacturer. X-rays shall be available for each lot 
produced to allow a review at the discretion of the procuring activity. 
The magnification during visual examination shall be 2 power, minimum. 
If number of defectives exceed the allowable limit, X-ray shall be 
performed in two planes for all subsequent lots. Manufacturer may 
return to one plane testing when three sequential lots meet speci- 
fication limits. 

When capacitors are tested as specified, radiographic inspection 
shall disclose no evidence of improperly made connections, mis- 
alignment of slugs and seals or eyelets, substandard soldering or 
tial weakness, or solder particles or slivers attached to one 
end. 


MOISTURE RESISTANCE 
Capacitors shall be tested in accordance with method 106 of MIL- 
STD-202. The following details and exceptions shall apply: 

(a) Mounting — Except during examination and measurements, 
Capacitors shall be securely fastened by the body. 

(b) Initial measurements — Not applicable. | 

(c) Polarization and loading voltages — Not applicable. 

(d) Final measurements — After the final cycle and within 2 to 6 
hours after removal of the capacitors from the humidity chamber, 
the dc leakage, capacitance, and dissipation factor shall be 
measured, at the initial inspection conditions specified. 

(e) Examinations after test — Capacitors shall be visually examined 
for evidence of corrosion, mechanical damage, and obliteration 
of marking. 

When tested as specified, capacitors shall meet the following 

requirements. 

DC leakage — Shall not exceed the requirement specified. 

Capacitance — Shall change not more than +2% from initial value. 

Dissipation factor — Shall not exceed the requirement specified. 

Visual examination — There shall be no evidence of mechanical 

damage and the marking shall remain legible. 


STABILITY AT LOW AND HIGH TEMPERATURE 
Capacitors will meet the following requirements as applicable. 
Step 1 (+25°C): : 
DC leakage — Shall not exceed the applicable value specified. 
Capacitance — Shall be within the tolerance specified in the type 
designation specified. 
Dissipation factor — Shall not exceed the applicable value specified. 
Step 2 (-55°C): 
Capacitance — Shall change not more than +10% from the step 1 
measured value. 
Dissipation factor — Shall not exceed the applicable value specified. 
Step 3 (+25°C): 
DC leakage — Shall not exceed the applicable value specified. 


Capacitance — Shall change not more than +2 percent from tne 
step 1 measured value. 


Dissipation factor — Shall not exceed the applicable value specified. 
Step 4 (+85°C): 
DC leakage — Shall not exceed the applicable value specified. 


Capacitance — Shall change not more than +8% from the step 1 
measured value. 


Dissipation factor — Shall not exceed the applicable value specified. 
Step 5 (+25°C): | 
DC leakage — Shall not exceed the applicable value specified. 
Capacitance — Shall change not more than +2 percent from the 
step 1 measured value. 
Dissipation factor — Shall not exceed the applicable value specified. 
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SURGE VOLTAGE 

Capacitors shall be subjected to 1,000 cycles of the applicable 
surge voltage. The ambient temperature during cycling shall be 
+85°C. Each cycle shall consist of a 30-second surge voltage 
application followed by a 30-second discharge period. Voltage ap- 
plication shall be made through aresistor of 33 ohms. The tolerance 
of the resistor shall be +5 percent. Each surge voltage cycle shall be 
performed in such a manner that the capacitor is shorted terminal to 
terminal through a copper bar, or an equivalent low resistance at the 
end of the 30-second application. An alternate method of shorting the 
capacitors is discharge through the same resistance that is utilized 
for charging. After the final cycle, the capacitors shall be stabilized at 
the inspection conditions, and the dc leakage, capacitance, and 
dissipation factor shall be measured. 

When tested as specified, capacitors shall meet the following 
requirements: 

DC leakage — Shall not exceed the requirement specified. 

Capacitance — Shall change not more than +2% from initial value. 

Dissipation factor — Shall not exceed the requirement specified. 


WEIBULL AND EXPONENTIAL DISTRIBUTIONS 

Exponential lifetest devices (dash numbers) are available for existing 
equipment designs in the M, PR, and S failure rate levels. All new designs 
must utilize the Weibull distribution (dash numbers) and associated failure 
rate(s). (After August 15, 1984) 


Weibull 
Failure Rate Level 
(%/1,000 hr) 


Exponential 
Failure Rate Level 
(%/1,000 hr) 


The existing exponential lifetest CSR styles required only a 40 hour 
voltage aging at rated voltage prior to shipment. The failure rate on each 
lot was determined by the demonstrated generic lifetest data history of 
any given manufacturer, and that manufacturers’ internal testing to guar- 
antee the given failure rate level shipped. 

The new CSR Weibull lifetest system, and associated military dash 
numbers, requires a lot/lot 100% accelerated aging sequence on each 
lot processed. This aging method utilizes the decreasing rate of failure 
which is applicable to solid tantalum capacitors, i.e., the rate of failure 
in any given lot gets smaller and smaller for times in excess of 100,000 
hours. The decreasing rate of failure seen during life testing on solid 
tantalum capacitors makes the Weibull (accelerated voltage) aging con- 
cept uniquely correct for these designs. 

Statistical treatment becomes somewhat more difficult, but the Weibull 
approximation fits very nicely and enables a straight line slope when 
predicting failure rate(s) from observed failure(s) at precise time intervals. 
This method additionally permits extrapolation to predict the time needed 
on voltage age to reach a desired failure rate. 

In effect, by accelerating the applied voltage during the 85°C aging 
sequence, we are accelerating the incidence of failure(s) that might occur. 
These higher than rated voltage applied levels are called acceleration 
levels (factors) and are carefully designed for each voltage family of 
devices. As an example, an applied voltage of 1.1 times the rated voltage 
may indicate that for every hour of test under these conditions is equal 
to 4X the number of standard 85°C hours, at applied rated voltage. 
Obviously there are limits of applied voltage permissable under accel- 
erated conditions since the device design could be over stressed. 

As can be seen, all new equipment design (August 15, 1984) requires 
the Weibull dash number series for any CSR style. A thorough grounding 
in the Weibull theory, as applied to accelerated voltage aging of tantalum 
capacitors, can be reviewed in the latest revision of MIL-C-39003, capaci- 
tors fixed, electrolytic tantalum, general specification for. 
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LIFE TEST (EXPONENTIAL DASH NUMBERS) 
Capacitors shall be tested in accordance with method 108 of MIL- 
STD-202. The following details and exception shall apply: 
(a) Distance of temperature measurements from specimens, in 
inches — Not applicable. 
(b) Method of mounting — Capacitors shall be mounted by their 


leads. 
(c) Test temperature and tolerance — The applicable high test 
+4° 
temperature is 125° —0°C. The standard high temperature shall 
+4° 
be 85° —0°C. 


(d) Operating conditions — rated dc voltage or the derated voltage at 
125°C, as applicable, shall be applied gradually (not to exceed 5 
minutes either by a slow build-up of the voltage or through a 
resistor which shall be shorted out within 5 minutes). Voltage 
shall be applied continuously except for measurement periods. 
The impedance of the voltage source, as seen from the terminals 
of each capacitor, shall not exceed 3 ohms. Storage batteries 
or an electronic power supply capable of supplying at least 1 
ampere when a capacitor is shorted shall be used. 

(e) Test condition letter — F (2,000 hours). 

(f) Measurements during exposure — DC leakage at the applicable 


high test temperature shall be made at the following intervals: 0: 
+48 +48 +72 
250 -0; 1,000 -0; 2,000 -0 hours. 


QUALITY CONFORMANCE INSPECTION: 


For group C inspection — When tested as specified above, capacitors 


shall meet the following requirements: 
At 25°C: 
DC leakage — Shall not exceed the applicable value specified. 
Capacitance — Shall change not more than +2% from the value 
obtained when measured as specified. | 
Dissipation factor — Shal! not exceed the applicable value specified. 
At 85°C: 
DC leakage — Shall not exceed the applicable value specified. 
At 125°C: 
DC leakage — Shall not exceed the applicable value specified. 
Capacitors shall be visually examined for evidence of mechanical 
_ damage. In addition, capacitors shall be subjected to the insulating 
sleeving dielectric strength test as specified following these 
measurements. 


Group B Performance check (Exponential Dash Number only)—Capacitor 


shall be tested as specified above with the following exceptions: 

(a) The duration of the test shall be 250 hours. 

(6b) The 85°C rated voltage shall be used for this test. 

+4° 
(c) The test temperature shal! be 85° —O°C. 
(d) The insulating sleeving dielectric strength test need not be 
performed. 

Following the Performance check, capacitors shall meet the same 
requirements as specified for Group C inspection. 

Extended life test — Capacitors shall be tested as specified above, 
except that the duration of the test shall be 10,000 hours. DC leakage 


Philips Components ¢ 5900 Australian Avenue ° West Palm Beach, FL 33407 ¢ (407) 863-1800 + FAX: (407) 863-1811 


(at the applicable high test temperature) shall be made at the following 

+48 +48 +72 

intervals: 0; 250 —O ; 1,000 —O ; 2,000 —O ; and every 2,000 hours 

+96 

thereafter until 10,000 —O hours have elapsed. . 
When tested as specified above, capacitors shall meet the following 

requirements: 

At 25°C: z 
DC leakage — Shall not exceed 200 percent of the value specified. 
Capacitance — Shall change not more than +10 percent from initial 

measurement. . _ 
Dissipation factor — Shall not exceed the applicable value specified. 

At 85°C: 

DC leakage — Shall not exceed 200 percent of the value specified. 

At:125°C: 3 
DC leakage — Shall not exceed 200 percent of the value specified. 


DC Rated and Surge Voltages 


Voltage DC DC working voltage DC surge voltage 
Symbol rated 
voltage 85°C 125°C 85°C 125°C 
Bie dcuee ces 6 6 4 8 5 
Chae anteeees 10 10 7 13 9 
ED Stearns cae tee 16 15 10 20 12 
i ae ee 20 20 13 26 16 
Fs ened open 3D 35 23 46 28 
<< Perper 50 50 33 65 40 
a rn 15 75 50 98 64 
| eee ee 100 100 67 130 86 
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= MIL-C-39003/02 
STYLE CSRO9 
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| ean} 635) 714 |200)| eon] esn| is0)| can | is 
B1 | 375] 390] .405 | 128] 138 | 148] 015] .016 | .021 
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MIL-C-39003/02 
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DC leakage Dissipation factor 


Failure rate level for 
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MILITARY CODING SYSTEM 
PART NUMBER SYSTEM 


EXAMPLE M339003 /02 —0042 


Dash # assigned for each specific value of capacitance voltage, capaci- 
tance tolerance, and failure rate level. See table for specific rating. 


Detail sheet for specific style—CSRO9 


MIL-C-39003 — Generic specification for established reliability solid tan- 
talum capacitors. 


NOTE: Military number does not specify capacitance voltage, 
capacitance tolerance, failure rate, or case size. See table. 
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MIL-C-39003/01 
STYLE CSR13 


MILITARY CODING SYSTEM 


PART NUMBER SYSTEM 


EXAMPLE M39003 —2242 


| Dash # assigned for each specific value of capacitance voltage, capaci- 


tance tolerance, and failure rate level. See table for specific rating. 


Detail sheet for specific style—CSR13 


MIL-C-39003 — Generic specification for established reliability solid tan- 
talum capacitors. 


NOTE: Military number does not specify capacitance voltage, 
capacitance tolerance, failure rate, or case size. See table. 
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094 A 150+ 25 
MA x. BOTH 
LEADS 


Dimensions - Inches (mm) 
L D d 
CASE +.016 (.41) | 
SIZE +.031 (.79) —.015 (.38) +.002 (.05) 


A 0.286 ( 7.26) 0.135 (3.43) 0.020 (0.51) 0.422 (10.72) 
B 0.474 (12.04) 0.185 (4.70) 0.020 (0.51) 0.610 (15.49) 
C 0.686 (17.42) 0.289 (7.34) 0.025 (0.64) 0.822 (20.88) 
D 0.786 (19.96) 0.351 (8.92) 0.025 (0.64) 0.922 (23.42) 
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‘Dash no. M39003/01- 


DC ee miner factor ad 
Failure rate level for 
(%/1,000 hrs) 
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DC leakage Dash number M39003/01- 
Capaci- Failure rate level for 
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Dash no. M39003/01- 


Failure rate level for 
(%/1,000 hrs) 
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DC leakage Dissipation factor Dash no. M39003/01- _ 
at at Failure rate level for 
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MIL-C-39003/01 
STYLE CSR13 
DC leakage Dissipation factor Dash number M39003/01- 
at at Failure rate level for 


rated 
voltage 


Capacitance Case . 
tolerance size (%/1,000 hrs) 
+25°C +85°C +125°C —55°C +85°C D 
. +25°C +125°C 0.001 


uA tl a 
1: m4 14.0 18.0 4 4 B 
1, of 14.0 18.0 4 4. B 
2. 8 17.0 22.0 4 4 B 
2: 8 17.0 22.0 a 4 B 
2. 8 17.0 22.0 4 4 B 
2. 1.0 20.0 25.0 4 4 B 
2. 1.0 20.0 25.0 4 4. B 
3. 1.2 25.0 32.0 4 4 B 
3. 1.2 25.0 32.0 é 4 B 
3. 1.2 25.0 32.0 : é s) 
3. 1.5 30.0 38.0 4 4 B 
3. 1.5 30.0 38.0 4A 4 B 
4. 1 35.0 440 é 4 Ss) 
4. 1.7 35.0 44.0 “ a B 
4. Vd 35.0 440 4 4 B 
5. 2.2 45.0 56.0 4 4 C 
2. 2.2 45.0 56.0 4 4 C 
6. 2.2 45.0 56.0 6 6 C 
6. 2.2 45.0 56.0 6 6 C 
6. 2.2 45.0 56.0 6 6 C 
8. 2.5 50.0 63.0 6 6 C 
8. 2.5 50.0 63.0 6 6 C 
10. 2.5 90.0 63.0 6 6 C 
10. 2.5 50.0 63.0 6 6 C 
10. 2.5 50.0 63.0 6 6 C 
Ae. 3.0 60.0 75.0 6 6 C 
12. 3.0 60.0 75.0 6 6 C 
15. 40 80.0 100.0 6 6 C 
15. 4.0 80.0 100.0 6 6 C 
15. 4.0 80.0 100.0 6 6 C 
18. 45 90.0 0 6 6 C 
18. 45 90.0 0 6 6 C 
22. 9.9 110.0 0 6 6 D 
22. 9.5 110.0 Ae) 6 6 D 
22. 5.5 110.0 0 6 6 D 
3 9.0 3 2 4 A 
3 5.0 3 2 4 A 
3 5.0 3 2 4 Ay 
3 5.0 3 2 4 A 
3 5.0 3 2 4 A 
3 9.0 3 2 A A 
3 9.0 3 2 “ A 
3 9.0 3 2 4 A 
3 5.0 3 2 é. A 
3 5.0 3 2 4A A 
3 6.0 3 2 4 A 
3 5.0 3 2 é A 
3 5.0 3 2 4 A 
3 5.0 3 2 4 A 
3 5.0 3 2 4 A 
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MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/01 
STYLE CSR13 


DC leakage Dissipation factor Dash no. M39003/01- | 
at at Failure rate level for 
Capacitance Case 
tolerance size (%/1,000 hrs) 
+25°C +85°C +125°C —55°C +85°C D 
+25°C +125°C 0.001 
uA yA uA 
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MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/01 
STYLE CSR13 


pation factor Dash no. M39003/01- 


DC rads Dissi 
at 
Failure rate level for 
= a (%/1,000 hrs) 
+25°C +85°C +125°C —55°C +85°C 
+25°C +125°C 0. 001 
cent 


Percent a 


DC 
rated 


Capaci- | Capacitance 


tance 
voltage (nom) tolerance 


ol 


§521 | 5721 7301 | 8301 
2901 | 3141 7302 | 8302 
2902 | 3142 7303 | 8303 
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MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/01 
STYLE CSR13 


DC oe see sal factor Dash number M39003/01- 
DC Capaci- : Failure rate level for 
tance grail “ eg (%/1,000 hrs) 
vorege| nom) +25°C | +85°C | +125°C | -55°C | +85°C PARAS 
+25°C +125°C 0.001 
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MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/09 
STYLE CSR21 
PART NUMBER SYSTEM 
EXAMPLE M39003 /09 —0042 
; Dash # assigned for each specific value of capacitance voltage, capaci- 
L. tance tolerance, and failure rate level. See table for specific rating. 
Detail sheet for specific style — CSR 21 
MIL-C-39003 — Generic specification for established reliability solid tan- 
talum capacitors. 
‘ Pa : | NOTE: Military number does not specify capacitance voltage, 


capacitance tolerance, failure rate, or case size. See table. 


OUTLINE DRAWING AND DIMENSIONS 


s1021I9ede9) unjeuel ry 


CIRCUIT DIAGRAM 


L D 
+.016 (.41) 
+.031 (.79) —.015 (.38) 


0.686 (17.42) 0.289 (7.34) 0.025 (0.64) 0.822 (20.88) 
0.786 (19.96) 0.351 (8.92) 0.025 (0.64) 0.922 (23.42) 


NOTES: 


1. The case insulation shall extend .015'' (0.38mm) minimum beyond each end. However, when a shrink-fitted insulation 
is used, it shall lap over the ends of the capacitor body. 

2. Lead length may be a minimum of 1-inch long for use in tape and reel automatic insertion equipment, when specified. 

3. Insulation thickness is included in dimension D. 
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MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/09 
STYLE CSR21 
DC leakage Part no. M39003/09- a 
a Derated Failure rate level for 
Cepacr ii (%/1,000 hrs) 
tance ; eee 3 
bbs 
i ETE [oh [ofa] & [oh [ob 
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MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/09 
STYLE CSR21 


Part no. M39003/09- 


Failure rate level for 
current (%/1,000 hrs) 


= [8 [obs [oder 
(max) 0.001 
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ripple 


| DC , eee i si 
DC ian 
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MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/03 
STYLE CSR23 


MILITARY CODING SYSTEM 


M39003 —0001 


oe Dash number assigned for each specific value of capacitance-voltage, 
capacitance tolerance, and failure rate level. See table for specific rating. 
Detail sheet for specific style — CSR23 
MIL-C-39003 — Generic specification for established reliability solid 


tantalum capacitors. 


NOTE: Military number does not specify capacitance, 
voltage, capacitance, tolerance, failure rate, or 
case size. See table. 


= 
S 
= 
I 
S 
3 
g 
% 
= 
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CIRCUIT DIAGRAM 


— 


CASE 


Dimensions — Inches _ 


0.286 ( 7.26) 0.135 (3.43) 0.020 (0.51) 0.422 (10.72) 
0.474 (12.04) 0.185 (4.70) 0.020 (0.51) 0.610 (15.49) 
0.686 (17.42) 0.289 (7.34) 0.025 (0.64) 0.822 (20.88) 
0.786 (19.96) 0.351 (8.92) 0.025 (0.64) 0.922 (23.42). 
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MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/03 
STYLE CSR23 


DC 
rated 


Dissipation factor Part no. M39003/03- 
at at Failure rate level for 
pong (%/1,000 hrs) 
+25°C | +85°C | +125°C +25°C D 
0.001 


Volts wa | uA uA 
6 09 | 90] 11.0 
6 09 | 90] 11.0 
6 10 | 100] 125 
6 60 | 600} 75.0 
6 60 | 600] 75.0 
6 15.0 | 150.0 | 188.0 
6 15.0 | 150.0 | 188.0 
6 15. 50.0 188.0 
6 15.0 | 150.0 | 188.0 
6 13; 50.0 188.0 
6 20. | } 
6 20. 

6 20 
6 30 
6 30. 
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MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/03 
STYLE CSR23 


DC leakage Part no. M39003/03- 
at at Failure rate level for 
(%/1,000 hrs) 


+25°C | +85°C | +125°C —55°C +25°C D 
0.001 
uA uA 


Lae Capacitance 
voltage tolerance 
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[s 
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3.3 0.0 12.5 
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22.0 0.0 50.0 
22.0 0.0 90.0 
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68.0 125.0 
82.0 125.0 
100.0 188.0 
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MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/06 
STYLE CSR33 


MILITARY CODING SYSTEM 


M339003 /06 —0001 


| Dash number assigned for each specific value of capacitance-voltage, 


Capacitance tolerance, and failure rate level. See table for specific rating. 


Detail sheet for specific style — CSR33 


MIL-C-39003 — Generic specification for established reliability solid 
tantalum capacitors. 


NOTE: Military number does not specify capacitance, 
voltage, capacitance, tolerance, failure rate, or 
case size. See table. 
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L D d Cc 
+.016 (.41) 
+.031 (.79) —.015 (.38) +.002 (.05) max. 


0.286 ( 7.26) 0.135 (3.43) 0.020 (0.51) 0.422 (10.72) 
0.474 (12.04) 0.185 (4.70) 0.020 (0.51) 0.610 (15.49) 
0.686 (17.42) 0.289 (7.34) 0.025 (0.64) 0.822 (20.88) 


0.025 (0.64) 0.922 (23.42) 


0.786 (19.96) 0.351 (8.92) 
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MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/06 
STYLE CSR33 


DC 
rated 
voltage 


DC eae cease factor Part no. M39003/06- 
Failure rate level for 
(%/1,000 hrs) 


Capacitance Case 
tolerance size : 
+25°C | +85°C | +125°C | —55°C +85°C Pp | etl oad 
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MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/06 
STYLE CSR33 


| DC leakage Dissipation factor Part no. M39003/06- 
; at at . Failure rate level for 
rated rit (%/1,000 hrs) 
yoltage +25°C | +85°C | +125°C | —55°C | +85°C D 
+25°C +125°C 0.001 
; 4 
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MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/04 
STYLE CSR91 
NON-POLAR 
MILITARY CODING SYSTEM 
M39003 _/04._ - 1195 


Dash number assigned for each specific value of Capacitance-voltage, 
Capacitance tolerance, and failure rate level. See table for specific rating. 


Detail sheet for specific style — CSR9Q1. 


MIL-C-39003 — Generic specification for established reliability solid 
a | tantalum capacitors. 
3 
eh NOTE: Military number does not specify capacitance, 
Et) voltage, capacitance tolerance, failure rate, or 
. case size. See table. 
LY J 1500 —~ 0 
> .250 
st) —_ 
LY) 
= 
) 
py | 
7) 


Dimensions — Inches (mm) 


L D d 
+0.010 (0.25) 
+0.031 (0.79) —0.015 (0.38) | +0.002 (0.05) 


0.575 (14.61) 0.161 (4.09) 0.020 (0.51) 0.750 (19.05) 
0.955 (24.26) 0.207 (5.26) 0.020 (0.51) 1.130 (28.70) 
1.350 (34.29) 0.314 (7.98) 0.025 (0.64) 1.525 (38.74) 
1.550 (39.37) 0.376 (9.55) 0.025 (0.64) 1.725 (43.82) 


1. The case insulation shall extend .015 (.38 mm) minimum beyond each end. However, when a shrink-fitted insulation is used, it shall 
lap over the ends of the capacitor body. 


2. All CSR91 capacitors are insulated. 
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MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/04 
STYLE CSR91 
NON-POLAR 


Dash number 
Failure rate level for 


DC leakage Dissipation (°%/1,000 hrs) 
Rated Capacitance (max) factor (max) 
voltage tolerance +25°C +25° 


Volts, NP 


25°C 
Percent 


pA 


6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
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MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/04 
STYLE CSR91 
NON-POLAR 


Dash number 
Failure rate level for 
0 
DC leakage Dissipation (%/1,000 hrs) 
Capacitance factor (max) Case opi hoes Lied 
tolerance +25°C size 0.01 0.001 


Percent 
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voltage 


Capacitance 


lb 
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MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/04 
STYLE CSR91 
NON-POLAR 


Dash number 
Failure rate level for 
DC leakage Dissipation (%/1,000 hrs) 


Rated Capacitance (max) factor (max) Case Pare 
voltage tolerance +25°C +25°C size 0.01 0.001 


| 
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C) 
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e 
S 
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AMDDWOMDNAIOONODAHLAAHAAPAHAHRAAHRRANMNNMNNMNNNMNNNNNNNNNNMNNDY 


mf 
1.1 
1.1 
1.3 
1.6 
1.6 
1.9 
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3.4 
41 
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1.0 
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MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/04 
STYLE CSR91 
NON-POLAR 
Dash number 
Failure rate level for 
(%/1,000 hrs) 


Dissipation 
Capacitance factor (max) 
tolerance +25°C 


Percent 


Rated 
voltage 


Capacitance 


B D 
0.01 0.001 


[s 


.90 

1.1 

1.1 

1.3 1 
1.6 1 
1.6 1 
ee, 1 
2.3 3 
2.3 3. 
2.8 3. 
3.4 5. 
3.4 2. 
41 o. 
5.0 2. 
5.0 3. 
6.0 9) 
7.5 7. 
eS 7 
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MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/04 
STYLE CSR91 
NON-POLAR 


Dash number 
ranlure rate level for 
DC leakage Dissipation (%/1,000 hrs) 


Rated i Capacitance factor (max) B D 
voltage tolerance 25°C 0.01 0.001 
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MIL-C-3965 


Military Style Tantalum Capacitors 
CL20 CL21 


MIL-C-3965 Part Number System 


Example: CL31 B J 200 M P G 

Style Description a Seal 

CL20 Polar, etch foil, uninsulated br ebcnabnes G—Hermetic (Glass) 

CL21 Polar, etch foil, insulated Will Soca ip E—Non hermetic (Elastomer) 
CL22 Non polar, etch foil, uninsulated : : : ' 

CL23 Non polar, etch foil, insulated to 125°C when Se nile esi coheensegt i 

CL30 Polar, plain foil, uninsulated properly derated) oe g 


figures; third digit represents number 
of zeros to follow. “R” indicates 
decimal point. 


CL31_ Polar, plain foil, insulated 
CL32 Non polar, plain foil, uninsulated 


CL33 Non polar, plain foil, insulated Construction 


al CL70 Polar, high-etch foil, uninsulated P—Polar 
a5 CL71_ Polar, high-etch foil, insulated N—Non polar 
~ | CL72 Non polar, high-etch foil, uninsulated Voltage Volts = Voltage ~—_—=~Voiits 
eh CL73 Non polar, high-etch foil, insulated Symbol 85°C/125°C Symbol 85°C/125°C 
oY A 3/2 N 100/65 
= B 6/4 O 250/165 

C 8/5 P 125/85 
eS D 10/7 Q 150/100 

E 15/10 R 180/120 Capacitance Tolerance 

F 20/13 S 270/180 Symbol % 

G 95/15 T 360/240 J #6 
3 4 30/20 U 450/300 K +10 
% l 112/75 V 540/360 L #15 
eS J 50/30 Ww 630/420 M +20 

8 K 60/40 Xx 300/200 Ss +30-15 
oe L 75/50 Y 375/250 T +50-15 
S M 90/60 Z 200/150 U +75-15 
“ Outline Drawing and Dimensions 
Styles CL20-23, CL30-33, and CL70-73 
TANTALUM FEED - 025+.002 
WELD \ THROUGH LEAD (64)+(.05) 
I + y 
—— = + —e—— — 
\ als / 


1.500+.250 EXTERNAL WELD 
(38.10)+(6.35) (SEE NOTE 5) 
O L - O ® Basic case 
< | 
2 .688 (17.48) .188 (4.78) 219 ( 5.56) 1.188 (30.18) 
.906 (23.01) .281 (7.14) 312 ( 7.92) 1.406 (35.71) 
969 (24.61) .281 (7.14) wile 182) 1.469 (37.31) 
CIRCUIT DIAGRAM 1.438 (36.53) 375 (9,53) .406 (10.31) 1.938 (49.23) 
(SEE NOTE 4) 2.125 (53.98) .375 (9.53) 406 (10.31) 2.625 (66.68) 
2.750 (69.85) 375 (9.53) .406 (10.31) 3.250 (82.55) 
“For insulated styles shrinkable sleeving shall lap over the ends of the case. 
NOTES: 


1. Dimensions are in inches. 

2. Millimeters are in parentheses. 

3. Metric equivalents (to the nearest .01 mm) are given for general information only and are based upon 1 inch = 25.4 mm. 
4. There is an indeterminate resistance between the metal case and the negative terminal. 

9. The weld shall not be enclosed in the end seal. 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/17 
STYLES CL20 & CL21 


Voltage DC leakage (max) 


Type Rated Veratecd urge Capacitance 3 & “C| Impedance Case 
designation 1/ (85°C) (125°C) (85°C) (max) size 2/ 


volts, dc volts, dc volts, dc uA 


CL2-BE150UPE 15 10 17.2 
CL2-BE600UP- ibs: 10 17.2 
CL2-BE201 UP- 15 10 Ifa 
CL2-BE401 UP- 15 10 Via 
CL2-BE581 UP- 15 10 17.2 
CL2-BG100UPE 25 28.8 
CL2-BG400UP- 28.8 
CL2-BG121UP- 28.8 
CL2-BG251 UP- 28.8 
CL2-BG351 UP- 28.8 
CL2-BHO80UPE 34.5 
CL2-BH320UP- 34.5 
CL2-BH111UP- 34.5 
CL2-BH221UP- 34.5 
CL2-BH301 UP- 34.5 
CL2-BJ4R5TPE 57.5 
CL2-BJ180TP- 57.5 
CL2-BJ600TP- 97.5 
CL2-BJ101TP- 57.5 
CL2-BJ151TP- 57.5 
CL2-BLO30TPE 86.2 
CL2-BL120TP- 86.2 
CL2-BL300TP- 86.2 
CL2-BL700TP- 86.2 
CL2-BL101 TP- 86.2 
CL2-BNO20SPE 

CL2-BNO80SP- 

CL2-BN250SP- 

CL2-BNS50O0SP- 

CL2-BN700SP- 

CL2-BQ010SPE 

CL2-BQ040SP- 

CL2-BQ130SP- 

CL2-BQ250SP- 

CL2-BQ360SP- 


ont 
s 
=| 
— 
= 
3 
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~ 
; 
5 
7) 
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1/ Complete type designation will include an additional symbol to indicate style, and where applicable, an additional symbol to indicate type of seal. 
2/ Where applicable, the complete case size will include an additional symbol to indicate type of seal. 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/18 
STYLES CL22 & CL23 


| Nottage id DC | DC leakage (max) —_| amex 
Type Rated Deratec urge Capacitance 25° impedance Case 
designation 1/ (85°C) (125°C) (85°C) size 2/ 


volts, dc volts, dc volts, dc 


CL2-BE100UNE 15 10 17.2 
CL2-BE400UN- 10 17.2 
CL2-BE121UN- 10 Vie 
CL2-BE251UN- 10 17.2 
CL2-BE351UN- 10 Vie 
CL2-BGO50UNE 15 28.8 
CL2-BG200UN- 18 28.8 
CL2-BG700UN- 28.8 
CL2-BG141UN- 28.8 
CL2-BG201UN- 28.8 
CL2-BH4R5UNE 34.5 
CL2-BH180UN- 34.5 
CL2-BH600UN- 34.5 
CL2-BH121UN- 34.5 
CL2-BH171UN- 34.5 
CL2-BJU2R5TNE 57.5 
CL2-BJ100TN- 5/5 
CL2-BJ300TN- 57.5 
CL2-BJ600TN- O70 
CL2-BJ800TN- 57.0 
CL2-BL1R5TNE 86.2 
CL2-BLO60TN- 86.2 
CL2-BL150TN- 86.2 
CL2-BL350TN- 86.2 
CL2-BL500TN- 86.2 
CL2-BNO10TNE 1150 
CL2-BNO40TN- 1150 
CL2-BN120TN- 179.0 
CL2-BN250TN- 115.0 
CL2-BN350TN- 115.0 
CL2-BQOR5SNE 1720 
CL2-BQ020SN- 172.0 
CL2-BQO60SN- 172.0 
CL2-BQ120SN- 172.0 
CL2-BQ180SN- 172.0 


ant 
= 
~J 
= 
3 
E 
= 
5 
” 
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1/ Complete type designation will include an additional symbol to indicate style, and where applicable, an additional symbol to indicate type of seal. 
2/ Where applicable, the complete case size will include an additional symbol to indicate type of seal. 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/15 
STYLES CL30 & CL31 


DC leakage (max 


Voltage 


Type Derated Surge Capacitance 25°C 85°C & 125°C) Impedance 
designation 1/ (125°C) (85°C) 
volts, dc volts, dc volts, dc uF 


CL3-BA100MPE 2 3.4 10 1 

CL3-BA500MP- 2 3.4 50 2 

CL3-BBO80MPE 4 6.9 8 1 

CL3-BB300MP- 4 6.9 30 2 

CL3-BB101MP- 4 6.9 100 2 

CL3-BB201 MP- 4 6.9 200 4 

CL3-BB301 MP- 4 6.9 300 5 

CL3-BDO60MPE 7 11.5 6 1 te] 
CL3-BD250MP- if 115 25 2 et) 
CL3-BD800MP- 7 11.5 80 2 5 
CL3-BD161MP- 7 11.5 160 4 Pa 
CL3-BD221MP- 7 11.5 220 5 9) 
CL3-BE4R5MPE 172 4.5 1 ~~ 
CL3-BE100MP- 17.2 10 2 ~ 
CL3-BE180MP- 172 18 e J 
CL3-BE550MP- 17.2 55 2 

CL3-BE111MP- 17.2 110 4 

CL3-BE161 MP- 172 160 5 2) 
CL3-BGO30MPE 28.8 3 1 & 
CL3-BG120MP- 28.8 12 2 c~ 
CL3-BG350MP- 28.8 35 2 9) 
CL3-BG700MP- 28.8 70 4 p) 
CL3-BG101MP- 28.8 100 6 th 
CL3-BH2R5MPE 34.5 25 cS ~ 
CL3-BH100MP- 34.5 10 2 oO 
CL3-BH300MP- 34.5 30 2 P. 
CL3-BH600MP- 34.5 60 4 

CL3-BH850MP- 34.5 85 6 

CL3-BJ1R5MPE 57.5 1.5 1 

CL3-BJOG6OMP- 57.5 6 2 

CL3-BJ200MP- 57.5 20 2 

CL3-BJ400MP- 57.5 40 4 

CL3-BJ550MP- 57.5 55 6 

CL3-BLO10MPE 86.2 1 1 

CL3-BLO4OMP- 86.2 4 2 

CL3-BL140MP- 86.2 14 2 

CL3-BL280MP- 86.2 28 4 

CL3-BL400MP- 86.2 40 6 

CL3-BNOR8MPE 115.0 0.8 1 

CL3-BNO30MP- 115.0 3 2 

CL3-BN100MP- 115.0 10 2 

CL3-BN200MP- 115.0 20 3 

CL3-BN300MP- 115.0 30 6 

CL3-BQOR5MPE 1720 0.5 2 

CL3-BQ020MP- 172.0 2 2 

CL3-BQ040MP- 172.0 4 3 

CL3-BQO070MP- 172.0 7 3 

CL3-BQO80MP- 172.0 8 4 

CL3-BQ120MP- 172.0 12 4 

CL3-BQ140MP- 172.0 14 4 

CL3-BQ200MP- 172.0 20 B 

CL3-BZR35LPE 230.0 0.35 4 

CL3-BZ1R5LP- 230.0 io 8 

CL3-BZO50LP- 230.0 5 16 

CL3-BZ100LP- 230.0 10 28 

CL3-BZ150LP- 230.0 15 40 

CL3-BOR30LPE 287.0 30 8 

CL3-BO1R2LP- 287.0 4.2 8 

CL3-BOO40LP- 287.0 4 

CL3-BOO80LP- 287.0 8 

CL3-BO120LP- 287.0 12 

CL3-BXR27LPE 345.0 27 

CL3-BX010LP- 345.0 1 

CL3-BX030LP- 345.0 3 

CL3-BX070LP- 345.0 7 

CL3-BX100LP- 345.0 10 


1/ Complete type designation will include an additional symbol to indicate style, and where applicable, an additional symbol to indicate type of seal. 
2/ Where applicable, the complete case size will include an additional symbol to indicate type of seal. 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/16 
STYLES CL32 & CL33 


1/ Complete type designation will include an additional symbol to indicate style, and where applicable, an additional symbol to indicate type of seal. 
2/ Where applicable, the complete case size will include an additional symbol to indicate type of seal. 


284 


Type 
designation 1/ 


CL3-BA100MNE 
CL3-BA450-MN- 
CL3-BA141MN- 
CL3-BA281MN- 
CL3-BA401MN- 
CL3-BBO70MNE 
CL3-BB250MN- 
CL3-BB850MN- 
CL3-BB171MN- 
CL3-BB251MN- 
CL3-BDO40MNE 
CL3-BD160MN- 
CL3-BD550MN- 
CL3-BD111MN- 
CL3-BD151MN- 
CL3-BE2R5MNE 
CL3-BE100MN- 
CL3-BESSOMN- 
CL3-BE700MN- 
CL3-BE101MN- 
CL3-BG1R5MNE 
CL3-BGO60MN- 
CL3-BG200MN- 
CL3-BG400MN- 
CL3-BG600MN- 
CL3-BH1R4MNE 
CL3-BHS5R5MN- 
CL3-BH180MN- 
CL3-BH360MN- 
CL3-BH450MN- 
CL3-BJOR8MNE 
CL3-BJO30MN- 
CL3-BJ100MN- 
CL3-BJ200MN- 
CL3-BJSOOMN- 
CL3-BLOR5MNE 
CL3-BLO20MN- 
CL3-BLO70MN- 
CL3-BL140MN- 
CL3-BL200MN- 
CL3-BNOR4MNE 
CL3-BN1R5MN- 
CL3-BNOS5S0MN- 
CL3-BN100MN- 
CL3-BN150MN- 
CL3-BQR25MNE 
CL3-BQ010MN- 
CL3-BQ3R5MN- 
CL3-BQ070MN- 
CL3-BQ100MN- 
CL3-BZR15LNE 
CL3-BZR75LN- 
CL3-BZ2R5LN- 
CL3-BZO50LN- 
CL3-BZ7R5LN- 
CL3-BOR15LNE 
CL3-BOOR6LN- 
CL3-BO020LN- 
CL3-BO040LN- 
CL3-BOO6OLN- 
CL3-BXR12LNE 
CL3-BXR47LN- 
CL3-BX1R5LN- 
CL3-BX3R3LN- 
CL3-BX4R7LN- 
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Rated 
(85°C) 


volts, dc 
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Voltage 
Derated 


(125°C) 


volts, dc 


NNNNNA HAHA AMMNMNM DP 


Surge 
(85°C) 


volts, dc 
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3.4 
3.4 
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DC leakage (max 


5°C & 125°C| Impedance 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/22 
STYLES CL70 & CL71 


Ls - Wehteae ae pe leakage (max 
Type Rated Derated Surge Capacitance 
designation 1/ (85°C) (125°C) (85°C) 


volts, dc volts, dc voits, dc 


CL7-BE290UPE 15 10 17.2 
CL7-BE101UPE 15 10 17.2 
-CL7-BE311UPE 10 17.2 
CL7-BE651UPE 10 17.2 
CL7-BE921UPE 10 17.2 
CL7-BG170UPE 15 28.8 
CL7-BG600UPE 15 28.8 
CL7-BG181UPE 28.8 
CL7-BG381 UPE 28.8 
CL7-BG551UPE 28.8 
CL7-BH150UPE 34.5 
CL7-BH520UPE 34.5 
CL7-BH151UPE 34.5 
CL7-BH321UPE 34.5 
CL7-BH461UPE 34.5 
CL7-BJO70TPE 57.5 
CL7-BJ250TPE 57.5 
CL7-BJ750TPE | 57.5 
CL7-BJ161TPE 57.5 
CL7-BJ231TPE 57.5 
CL7-BLO40TPE 86.2 
CL7-BL150TPE 86.2 
CL7-BL450TPE 86.2 
CL7-BL950TPE 86.2 
CL7-BL131TPE 86.2 
CL7-BNO3OSPE 115.0 
CL7-BN100SPE 115.0 
CL7-BN300SPE 115.0 
CL7-BN630SPE | 115.0 
CL7-BNQOOSPE 115.0 
CL7-BQ1R6SPE _ 172.0 
CL7-BQ5R5SPE 172.0 
CL7-BQ170SPE 172.0 
CL7-BQ350SPE | 172.0 
CL7-BQ500SPE 172.0 
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1/ Complete type designation will include an additional symbol to indicate style. 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/23 
STYLES CL72 & CL73 


Sa =e ge Sade al eal leakage (max 
Type Rated Derated Surge Capacitance 25°C impedance 
designation 1/ (85°C) (125°C) (85°C) (max) 


volts, dc volts, dc volts, dc 


CL7-BE200UNE 10 172 
CL7-BE700UNE 10 17.2 
CL7-BE201UNE 10 172 
CL7-BE411UNE 10 17.2 
CL7-BE591UNE 10 17.2 
CL7-BG100UNE 15 28.8 
CL7-BG350UNE 28.8 
CL7-BG101UNE 28.8 
CL7-BG211UNE 28.8 
CL7-BG301UNE 28.8 
CL7-BHO8OUNE 34.5 
CL7-BH290UNE 34.5 
CL7-BH800UNE 34.5 
CL7-BH171UNE 34.5 
CL7-BH241UNE 34.5 
CL7-BU3R5TNE 57.5 
CL7-BJ130TNE 57.5 
CL7-BJS60TNE 57.5 
CL7-BJ750TNE 57.5 
CL7-BJ111TNE 57.5 
CL7-BLO20TNE 86.2 
CL7-BLO70TNE 86.2 
CL7-BL200TNE 86.2 
CL7-BL430TNE 86.2 
CL7-BL600TNE 

CL7-BN1R4SNE 

CL7-BNOSOSNE 

CL7-BN140SNE 

CL7-BN290SNE 

CL7-BN410SNE 

CL7-BQR75SNE 

CL7-BQ2R7SNE 

CL7-BQ7R5SNE 

CL7-BQ150SNE 

CL7-BQ220SNE 
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1/ Complete type designation will include an additional symbol to indicate style. 
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MIL-C-3965 


Military Style Tantalum Capacitors 
CL51 CL52 


MIL-C-3965 Part Number System 
Example: CL51 B J 200 M P G 


______ 


Seal 
G—Hermetic (Glass) 


Style Description 
CL51 Polar, plain foil, KSR™ 
CL52 Non polar, plain foil, KSR™ Characteristic 
CL53 Polar, etch foil, KSR™ -55°C to 85°C 
CL54 Non polar, etch foil, KSR™ (Will operate up Construction 
to 125°C when P—Polar 
properly derated) Capacitance—Expressed in (uf) N—Non polar 
First two digits represent significant 
figures; third digit represents number 
of zeros to follow. ‘“‘R” indicates 
decimal point. 
Voltage Voits Voltage Volts 
Symbol 85°C/125°C Symbol 85°C/125°C 
A 3/2 N 100/65 
B 6/4 O 250/165 
C 8/5 P 125/85 
D 10/7 Q 150/100 
E 15/10 R 180/120 Capacitance Tolerance 
F 20/13 S 270/180 Symbol % 
G 25/15 T 360/240 J +9 a 
H 30/20 U 450/300 K +10 
| 112/75 V 540/360 L +15 S 
J 50/30 W 630/420 M +20 H 
K 60/40 X 300/200 S +30-15 
L 75/50 Y 375/250 T +50-15 
M 90/60 Z 200/150 U +75-15 
Outline Drawing and Dimensions 
Styles CL51-54 
0.312” £0.016" L +.062 (1.57) 
0.438” £0.016" 0.350” ref In mm 
: sa D1 1375 34.93 
i ; D2 2.000 50.80 
+0.005” t 
0.125” y 020° hole ad 060” £0.010" hole wee O2757 =00e2 
INCHES MM INCHES MM INCHES MMC 
” I 062” 
ver a : meek : a 010 25 O70 1.78 395 10.03 
016 41 156 3.96 AVS 17.86 
025 64 219 6.99 150 19.05 
031 wae) isola f.de 83 19.89 
ibe | a 060 1.52 300 8.89 Vers 32.39 
—_ 213" ——s 062 pers 364 9.25 Lore 35.00 
a wae ee 374 9.50 
Polar Non-polar 
NOTES: 


1. All dimensions in inches. 
2 Metric equivalents (to the nearest 01mm) are given a general information only and are based upon 1 inch = 25.4 mm. 
3. Onentation of terminal hole not fixed. . 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/9 
STYLE CL51 


Voltage DC | DC leakage(max) | DC leakage(max) 
Type Derated Surge Capacitance 


volts, dc volts, dc volts, dc 


CL51BE331MPG 172 
CL51BE661MPG 17.2 
CL51BE961MPG 3 | 172 
CL51BH181MPG 34.5 
CL51BH361MPG 34.5 
CL51BH511MPG i 34.5 
CL51BJ121MPG 57.5 
CL51BJ251MPG 57.5 
CL51BJ351MPG 57.5 
CL51BL750MPG 86.2 
CL51BL151MPG 86.2 
CL51BL221MPG 86.2 
CL51BI500MPG 129.0 
CL51BI101MPG 129.0 
CL51Bl151MPG 129.0 
CL51BQ400MPG 172.0 
CL51BQ800MPG 172.0 
CL51BQ101MPG 172.0 


MIL-C-3965/10 
STYLE CL52 


s10ziedeg unyje}uel w 


DC leakage (max) 


~ Type | Surge Capacitance | : eakage max) 2 
designation (85°C) 125°C 
volts, de ; volts, dc uA uA uA 


CL52BE211MNG 72 
CL52BE421MNG | 17.2 
CL52BE601MNG | 17.2 
CL52BH780MNG 34.5 
CL52BH151MNG 34.5 
CL52BH271MNG | 34.5 
-CL52BJ650MNG 57.5 
CL52BJ131MNG | 575 
CL52BJ171MNG 57.5 
CL52BL380MNG 86.2 
CL52BL750MNG~) - | 86.2 
CL52BL111MNG 86.2 
CL52BI250MNG 129.0 
CL52BISOOMNG 129.0 
CL52BI750MNG | . 129.0. 
CL52BQ200MNG | | 172.0 
CL52BQ400MNG 172.0 
CL52BQ500MNG 172.0 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/11 
STYLE CL53 


Voltage DC |B leakage(max) (max) 
Type Derated Surge Capacitance Impedance 


volts, dc volts, dc volts, dc 


CL53BE122UPG a ae 
CL53BE242UPG If-2 
CL53BE352UPG 

CL53BH661UPG 

CL53BH132UPG 

CL53BH182UPG 

CL53BJ351UPG 

CL53BJ701UPG 

CL53BJ102UPG 

CLS53BL201UPG 

CL53BL401UPG 

CL53BL551UPG 

CL53Bl121UPG 

CL53BI241UPG 

CL53BI321UPG 

CL53BQ700UPG 

CL53BQ141UPG 

CL53BQ201UPG 


MIL-C-3965/12 
STYLE CL54 


ont 
53 
= 
J 
= 
3 
C) 
~ 
* 
A 
p. 


DC leakage (max) 


Type Surge Capacitance Impedance 
volts, dc : volts, dc F A uA uA 


CL54BE751UNG 17.2 
CL54BE152UNG 17.2 
CL54BE212UNG 172 
CL54BH361UNG 34.5 
CL54BH721UNG 34.5 
CL54BH102UNG 34.5 
CL54BJ201UNG 57.5 
CL54BJ401UNG | 57.5 
CL54BJ551UNG 57.5 
CL54BL101UNG 86.2 
CL54BL201UNG 86.2 
CL54BL271UNG 86.2 
CL54BI600UNG 129.0 
CL54BI121UNG 129.0 
CL54BI161UNG 129.0 
CL54BQ350UNG 172.0 
CL54BQ700UNG 172.0 
CL54BQ101UNG 172.0 
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MIL-C-3965 


Military Style Tantalum Capacitors 


CL53 CL54 


BRACKET INFORMATION 


STAINLESS-STEEL MOUNTING BRACKETS 


Case 
Height 
In Inches 


Insulated 
Terminal Up 


942A797P48 
942A797P47 
942A797P46 


*Common base dimension — 1.312 by 0.750 inches. 


These KSR™ capacitor brackets meet vibration and shock 


requirements of MIL-STD-202A, Method 204B. 


Insuloted 


For terminal -down 
mounting |.070 long +0.010" 


x 0.450° wide with 
0225° radius on 
each end 


Sa a a er 


0.078°R Q094°R 
1.400°20.020 . 


Insulation plote 


Insulated 
Terminal Down 


942A797P58 
942A797P57 
942A797P56 


942A798P45 
942A798P44 
942A798P42 


t For MIL marked parts. Order by MIL number. 


Non-MilL Spring-clip Type 


-—-~ —— —_. 9144"10003), | 48), 


; 0 320°-0 000° “7 is La 
ee ae 3 - — ous - 
€ 
ee 


TOL. | +.010 | +,005 | +.005| +.005 | — | max 
“ec fa Pee Pere 
. Ize 

we | A | 8 | ¢ | o [el rf 
21 | 1,000 | 0.250 | 0.500 | — 2 | 1.500 | 30 
22 | 1.625 | .250 | .562 | 1.125 | 3 | 2.125 | 20 
23 | 2.125 | .312 | .750 | 1.500 | 3 | 2.625 | 10 
24 | 1.000 | .250 | 500 | — 2 | 1.500 | 30 
25 | 1.625 | .250 | .562 | 1.125 | 3 | 2.125 | 20 
2601 2.125 | .312 | .750 | 1.500 | 3 | 2625 | 10 


MIL No. t 
Uninsulated 


CLO50SD33 
CLO50SD23 
CLO50SD13 


+] Seca 000 


Finish 


Cadmium 
plate and 
gold iridite 


Silver 
plated 
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Military Style Tantalum Capacitors 


CLR25 
MIL-C-39006 PART NUMBER SYSTEM 


M39006 01 3001* 


Abbreviated form of MIL-C-39006 Sequential dash number from table. For specific value of 


capacitance, tolerance, voltage, case size and failure 
rate level the table must be consulted. 

*Add the letter “H” to indicate optional Random Vibration 
requirement. 


DETAIL SHEET FOR APPLICABLE STYLE: 


01: Style CLR 25—Polar Etched 

02: Style CLR 27—Nonpolar Etched 

03: Style CLR 35—Polar Plain 

04: Style CLR 37—Nonpolar Plain 

16: Style CLR 71—Polar High Etched 

17: Style CLR 73—Nonpolar High Etched 


OUTLINE DRAWING AND DIMENSIONS 


TANTALUM FEED - 025+.002 
WELD THROUGH LEAD (.64)£(.05) 


v 


EXTERNAL WELD 
(SEE NOTE 5) 


NY Basic case Insulated case 


* D 
“ +.062 (1.57) +.016 (.41) 
an .688 (17.48) .188 (4.78) 


906 (23.01) 281 (7.14) 
CASE 969 (24.61) 281 (7.14) 

1.438 (36.53) 375 (9.53) 

CIRCUIT DIAGRAM 2.125 (53.98) 375 (9.53) 
(SEE NOTE 4) . 2.750 (69.85) 375 (9.53) 


*Length of basic case; sleeving shall be as specified in MIL-C-39006. 


NOTES: 

1. Dimensions are in inches. 

2. Millimeters are in parentheses. 

3. Metric equivalents (to the nearest .01 mm) are given for general information only and are based upon 1 inch = 25.4 mm. 
4. There is an indeterminate resistance between the metal case and the negative terminal. 

5. The weld shall not be enclosed in the end seal. 
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MIL-C-39006 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/01 


STYLE CLR25 


DC leakage 
Rated Cap. ax Derated| Surge Part No. M39006/01- 


voltage . | tolerance voltage | voltage Failure rate level (%/1,000 hr 


tars (125-0) | (85°C) PEROT MF.0F | PION (0.0%) | S(0.007) | 


volts, dc 


E 


15 
15 
16 
15 
25 
25 
25 
25 
30 
30 
30 
30 


DNWNONANNODWNHORAWNH-WANOMDWNHOMDWN 


MM MPM MP Plo 
AAKRA OAL 


Shaded area denotes failure rate levels not available at time of this printing. Refer to your Philips Components sales person 
or factory for latest update. 
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MIL-C-39006 


Military Style Tantalum Capacitors. 


MIL-C-39006/02 
STYLE CLR27 


DC leakage 
Rated ; Deratea | Surge Part No. M39006/02- __ 


voltage voltage | voltage Failure rate level (%/1,000 h 
(85°C) (125°C) | (85°C) | M20) [MU -OF Le hs eee .001) | 


HERMETICALLY-SEALED 


c 
E 


volts, dc| volts, dc 


ant 
iB 
= 
<I 
& 
3 
C) 
s 
: 
S 
* 


DONWNYNAWNOHAWNOAAWH-]-WANODWNHOMWf 


MMMM NM DND PP 


Shaded area denotes failure rate levels not available at time of this ean: Refer to your Philips Components sales person. 
or factory for latest update. 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/03 
STYLE CLR35 


DC | PC leakage | 
Cap. | PC leakage | 
tolerance | 25°C 85°C & 
125°C 


Rated | 


Part No. M39006/03- 


Derated 
voltage voltage Case Failure rate level (%/1,000 hr 
(85 C) (125°C) 


HERMETICALLY-SEALED 


volts, dc 


uA uA volts, dc |volts, dc | ohms 
15 2 4 10 | 17.2 125 G2 1300 1349 1398 1447 
15 2 10 10 172 41 G3 1301 1350 1399 1448 
15 4 20 10 17.2 20 G4 1302 1351 1400 1449 
15 5 30 10 17.2 14 G5 1303 1352 1401 1450 
25 2 4 15 28.8 186 G2 1304 1353 1402 1451 
25 2 10 15 28.8 64 G3 1305 1354 1403 1452 
25 4 20 15 28.8 Se G4 1306 1355 1404 1453 
25 6 30 15 28.8 23 G5 1307 1356 1405 1454 
30 2 6 20 34.5 265 G2 1308 1357 1406 1455 
30 2 13 20 34.5 75 G3 1309 1358 1407 1456 
30 4 26 20 34.5 37 G4 1310 | 1359 1408 1457 
30 6 38 20 34.5 27 G5 1311 1360 1409 1458 
35 5 25 25 40.2 40 G5 1312 1361 1410 1459 
50 2 6 30 57.5 372 G2 1213 1362 1411 1460 
50 2 13 30 57.5 112 G3 1314 1363 1412 1461 
50 4 26 30 57.5 56 G4 1315 1364 | 1413 1462 
50 6 38 30 57.5 41 G5 1316 1365 1414 1463 
75 2 6 50 86.2 558 G2 1317 1366 1415 1464 
75 2 13 50 86.2 159 G3 1318 1367 1416 1465 
75 4 26 50 86.2 80 G4 1319 1368 1417 1466 
75 6 38 50 86.2 56 G5 1320 1369 1418 1467 
100 2 6. 65 115.0 743 G2 1307 1370 1419 1468 
100 2 13 65 115.0 |. 223 G3 1322 1371 1420 1469 
100 3 25 65 115.0 112 G4 1323 1372 1421 1470 
100 6 38 65 115.0 74 G5 1324 1373 1422 1471. 
150 2 6 100 172.0 1115 G2 1325 1374 1423 1472 
150 3 13 100 1720 319 G3 1326 1375 1424 1473 
180 4 26 100 172.0 159 G4 1327 1376 1425 1474 
150 6 38 100 172.0 112 G5 1328 1377 1426 1475 
200 8 32 150 230.0 1300 G2 1329 1378 1427 1476 
200 16 64 150 230.0 400 G3 1330 1379 1428 1477 
200 28 ~ 100 150 230.0. 200 G4 1331 1380 1429 1478 
200 40 160 150 230.0 130 G5 1332 | 1381 |. 1430 1479 
i arene aed 


NONHERMETICALLY-SEALED 


WONDOnNnMOMN 


16) 
A MH S| | P— AH a 


rf COO]|=-]N0h 


Shaded area denotes failure rate levels not available at time of this printing. Refer to your Philips Components sales person 
or factory for latest update. 
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“Military Style Tantalum Capacitors: 


MIL-C-39006/04 
STYLECLR37 


Rated Cap. Derated | Surge 
voltage tolerance voltage | voltage 
(85°C) (125°C) | (85°C) 


volts, dc 


15 
15 
15 
15 
25 
20 
25 
25 
30 
30 
30 
30 


A aw oa f= 
HAWAAMWNM 


N 


Shaded area denotes failure rate levels not available at time of this printing. Refer to your Philips Components sales person 
or factory for latest update. 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/16 
STYLE CLR71 


Cap. DC leakage 
toler- max 


Case Failure rate level (%/1,000 hr 


Rated 
voitage 
(85°C) 


Derated 
voitage 
(125°C) 


volts, dc 


15 
15 
15 


+75, -15 7 35 23 17.2 
+75, -15 23 100 80 172 
+75, -15 61 370 250 17.2 
+75,-15} 130 780 520 17.2 
+75,-15| 185 1100 750 172 
+75, -15 6 34 21 28.8 
+75, -15 23 100 72 28.8 
75,215 60 360 220 28.8 
+75,-15| 125 760 460 28.8 
+75,-15 | 185 1100 660 28.8 
+75, -15 6 34 22 34.5 
| +75, -15 23 120 80 34.5 
+75, -15 60 360 240 34.5 
+75, -15 | 125 750 500 34.5 
+75,-15 | 165 1000 700 34.5 
+50, -15 5 28 ‘7 57.5 
+50, -15 19 100 60 57.5 
+50, -15 50 300 180 57.5 
+50,-15 | 100 640 390 57.5 
+50,-15 | 150 920 550 57.5 
+50, -15 5 24 16 86.2 
+50, -15 17 90 60 86.2 
+50, -15 45 270 180 86.2 
+50, -15 95 570 380 86.2 
+50,-15 | 130 780 520 86.2 
+30, -15 4 20 14 115.0 
+30, -15 15 80 52 115.0 
+30, -15 40 230 150 115.0 
+30, -15 80 480 310 115.0 
+30,-15 | 120 720 470 115.0 
+30, -15 3 18 12 172.0 
+30, -15 12 64 42 172.0 
+30, -15 30 190 130 172.0 
+30, -15 65 400 260 172.0 
150 +30, -15 95 560 380 172.0 


| Shaded area denotes failure rate levels not available at time of printing. Refer to your Philips Components 
sales person or factory for latest update. 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/17 
STYLE CLR73 


Rated Cap. DC leakage Derated . Part No. M39006/17- 


voltage ‘ toler- max voltage coe rate level (%/1,000 hr) 


e5°0) ence 25° reo 


volts, dc 


15 
15 


ted 
a 
4 
~ 
IS 
3 
C) 
- 
5 
7) 


Shaded area denotes failure rate levels not available at time of this printing. Refer to your Philips Components sales person 
or factory for latest update. 
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SERIES 40AW 


Tantalum Case Hermetically Sealed 


Tubular Tantalum Wet-Slug Capacitor 


—55°C to 125°C 1.7 to 1200 LF 
4-125 Volts DC 


DESCRIPTION FEATURES 


The 40AW capacitor is an all tantalum cased high # ALL TANTALUM CONSTRUCTION 
reliability porous anode type with a glass to 
tantalum hermetic seal. This type capacitor is REVERSE VOLTAGE CAPABILITY OF 3VDC 


primarily suited for militaryand aerospace appli- , HIGH RIPPLE CURRENT 
cation. This capacitor meets or exceeds all 
requirements of MIL-C-39006/22. = LONG LIFE 

These capacitors are ideal for such functions as ’ { 

filtering, by-passing, coupling and timing in RATED Fon 799 Gomes & OPERATION 
applications where minimum size and weight = EXTENDED RANGE CAPACITANCE AVAILABLE 
conditions must be achieved and reverse voltage | CONSULT FACTORY FOR DETAILS 

up to 8VDC, or high ripple currents, are required. | 


al 
& 
4 
~ 
& 
3 
F 
on 
S 
% 


GLASS-TO-TANTALUM SEAL 


The glass-to-tantalum seal is one unique feature 
of the 40AW Series. This seal differs from other 
hermetic seals in that it is a tantalum feed-through 
seal. This construction provides a true glass- 
to-tantalum seal. 


TANTALUM CASE 


Use of a tantalum case and tantalum powder WARNING 


cathode permits 3VDC reverse capability without | NoN-SoLID ELECTROLYTIC CAPACITORS MAY CONTAIN CHEMI- 
harm; and the sintered powder cathode allows | CALS WHICH CAN BE REGARDED AS HAZARDOUS IF HANDLED 
higher vibration and shock levels than compar-_ | 'NCORRECTLY. CAUTION IS NECESSARY IF THE OUTER CASE IS 


: : FRACTURED. 
able silver cased devices. 
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SERIES 40AW 


Industrial Type Tantalum Capacitors 


DIMENSIONS OUTLINE DIMENSIONS 
OUTLINE ibaa! Case Dimensions — Inches (mm) 


No. 21 Awg. solderable = 0.031" Novel Ang: solderable = 0.039"! Code Basic Insulated 
leads Case Case 

] MIL L D0 Approximate 

0.094" Equiv. } +.031 (.79) Weight 

ot o Pez ie nee — —.016 (.41) | +.016 (.41) Sis 35) }+.002 (. (Grams) 


FIG.2 INSULATED 


FIG. 1 UNINSULATED 


STANDARD RATINGS 14. {1.062 (26.97)| .375 (9.53): | 406 (10.31) |2.250 (57.18) | . 


Length of basic case; sleeving shall lap over the ends of the capacitor body. 
Non-shrinkable sleeving extends .016 inch minimum, .062 inch maximum beyond 
each end of the case. 


Max. Max. D-C Maximum oT 

Impedance Leakage Current Capacitance Change Max. RMS rel 

at 55°C al at 85°C in Percent at Ripple Current | 

and 120Hz | 25° | & 125°C | AT 40 KHz ~< 

uf wa) | wa | -s5°c | +050 +1250 : 

30 A | 40AW306A006KIA 2) 

68 A | 40AW686A006KIA & 

140 B | 40AW147B006KIA > 

270 B | 40AW277BO06KIA 5 

330 C | 40AW337C006KIA ~ 

560 c | 40AW567CO06KIA & 

1200 | D | 40AW128D006KIA 4 

wH 
25 A | 40AW256A008KIA 
56 A | 40AWS66A008KIA 
120 B | 40AW127B008KIA 
220 B | 40AW227B008KIA 
290 c | 40AW297C008KIA 
430 c | 40AW437CO008KIA 
850 | D | 40AW857D008KIA 


40AW206A010KIA 
- 40AW476A010KIA 
40AW107B010KIA 
40AW187B010KIA 
40AW257C010KIA 
40AW397C010KIA 
40AW757D010KIA 


40AW156A015KIA 
40AW336A015KIA 
40AW706B015KIA 
40AW127B015KIA 
40AW177C015KIA 
40AW277C015KIA 
40AW547D015KIA 


40AW106A025KIA 
40AW226A025KIA 
40AWS06B025KIA 
40AW107B025KIA 
40AW127C025KIA 
40AW187CO025KIA 
40AW357D025KIA 
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SERIES 40AW 


Industrial Type Tantalum Capacitors 


Max. 
Impedance 


Maximum 


Capacitance Change Max. RMS 


| at -55°C in Percent at Ripple Current 
Case and 120 Hz At 40 KHz 
uF | Code | 55°C +950 | +125°C (mA) 


30 VOLTS D-C AT 85°C, 20 VOLTS D-C AT 125°C 


40AW805A030KIA 
40AW156A030KIA 
40AW406B030KIA 
40AW686B030KIA 
40AW107C030KIA 
40AW157CO30KIA 
40AW307D030KIA 


40AWSO05A050KIA 
40AW106A050KIA 
40AW256B050KIA 
40AW476B050KIA 
40AW606CO50KIA 
40AW826CO50KIA 
40AW167D050KIA 


40AW405A060KIA 
40AW825A060KIA 
40AW206B060KIA 
40AW396B060KIA 
40AWSO6CO6OKIA 
40AW686CO60KIA 
40AW147D060KIA 


75 VOLTS D-C at 85°C, 50 VOLTS D-C AT 125°C 


40AW355A075KIA 
40AW685A075KIA 
40AW156B075KIA 
40AW336B075KIA 
40AW406C075KIA 
40AW566C075KIA 
40AW117D075KIA 


40AW255A100KIA 


40AW475A100KIA 565 
40AW116B100KIA 835 
40AW226B100KIA 965 
40AW306C100KIA 1240 
40AW436C100KIA 1335 
40AW866D100KIA 1800 

17 40AW175A125KIA 415 
3.6 40AW365A125KIA 920 
9 40AW905B125KIA 755 
14 40AW146B125KIA 860 
18 40AW186C125KIA 1130 
29 40AW256C125KIA 1200 
96 A40AW566D125KIA 1800 


*Catalog nuinbers listed are for 2=10% capacitance tolerance and are for insulated capacitors. 
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SERIES 40AW 


Industrial Type Tantalum Capacitors 


PERFORMANCE CHARACTERISTICS 


1. Operating Temperature Range. These capacitors are 
designed to operate over a temperature range of —55°C 
to+125°C at the appropriate voltage rating given in 
Para. 17. 


2. DC Working Voltage. The dc working voltage is the 
maximum operating voltage for continuous duty at the 
rated temperature. 


Up to 85°C 125°C 

6 4 

8 5 
10 f 
15 10 
25 15 
30 20 
50 30 
60 40 
75 50 
100 65 
125 85 


3. DC Leakage Current. Measurements shall be made at 


the applicable rated working voltage at 25°C +5°C 


through application of asteady source of power, Such as a 
regulated power supply. A current limiting resistor of 
1000 ohms shall be connected in series with each Cca- 
pacitor under test. Rated DC working voltage shall be 
applied for a maximum period of 5 minutes before mak- 
ing leaking current measurements. | 


3.1 The maximum leakage current values are as listed 
in the standard ratings table. 


4. Capacitance and Tolerance. The capacitance of all 
capacitors shall be within the specified tolerance limits of 
the nominal rating. 


4.1 Measurements shall be made by the bridge method 
at or referred to a frequency of 120 Hz at a temperature 
of +25°C. The maximum voltage applied to the ca- 
pacitors during measurements shall be 1 volt rms. Mea- 
surement accuracy of the bridge shall be within +2%. 


5. Dissipation Factor. Measurements are made with a 
polarized capacitance bridge at a frequency of 120 Hz at 
a temperature of +25°C. 


6. Capacitance Change with Temperature. Capacitance 
change with temperature shall not exceed the limits 
given in the standard ratings table. 


7. Low Temperature Impedance. The impedance of any 
capacitor at -55°C at 120 Hz shall not exceed the 
values given in the standard ratings table. 
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8. Mechanical Shock. Capacitors shall withstand a shock 
of 100g when tested in accordance with method 213 of 
MIL-STD-202, test condition I. 

8.1 Following the shock test, capacitors shall be ex- 
amined for evidence of mechanical damage and leakage 
of electrolyte. 


9. High Frequency Vibration. Capacitors shall withstand 
vibration from 10 to 2000 Hz at 20g without internal damage 
when tested in accordance with MIL-STD-202, method 204, 
test condition D. Electrical measurements made while 
under these conditions shall show no intermittent contacts 
or open or short circuiting. 


9.1 Following the vibration test, the dc leakage current. 


shall not exceed 125% of the original requirement; the 
capacitance shall change not more than +5% from the 
initial measured value and the DF shall not exceed 115% 
of initial requirement. 


9.2 Inaddition, there shall be no evidence of mechanical 
damage, obliteration of marking, or leakage of electrolyte. 


10. Pull Test. Leads shall withstand a tensile stress of 3 
lbs. for 30 seconds applied axially in accordance with 
MIL-STD-202, method 211A, test condition A. 


11. Lead Bend Test. Leads shall meet the bend test 
specified in MIL-STD-202, method 211A, test condition 
C except that the number of bends shall be 4. 


12. Surge Voltage. The surge voltage rating is the max- 
imum voltage to which the capacitors shall be subjected 
under any conditions. This includes transients and peak 
ripple at the highest line voltage. The surge voltage of 
these capacitors is 115% of rated dc working voltage. 


12.1 The capacitors shall withstand the surge voltage 
applied through a 1000 ohm +10% resistor in series 
with the capacitor and voltage source at the rate of '% 
minute on, 5% minutes off, for 1000 successive test 
cycles at 85°C. 


12.2 Following the surge voltage test, there shall be no 
intermittent contacts, open or short circuiting, mechan- 
ical damage, or leakage of electrolyte. 


13. Moisture Resistance. Capacitors shall be subjected 


to the moisture resistance cycling test specified in MIL- 
STD-202, method 106. 
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SERIES 40AW 


Industrial Type Tantalum Capacitors 


PERFORMANCE CHARACTERISTICS 


13.1 Following the moisture resistance test, the dc leakage 
current shall not exceed 125% of the original requirement; 
the capacitance shall change not more than +8% from 
the initial measured value and the DF shall not exceed 
115% of initial requirement. 


14. Seal Test. Capacitors shall be tested in accordance 
with MIL-STD-202, method 112, test condition C, proce- 
dure Illa, 10° atm cc/sec followed by test condition A. 


15. Reverse Voltage Test. Capacitors shall be subjected 
to a dc potential of 3 volts, applied in the reverse polarity 
direction, for 125 +10 hours. The ambient temperature 
during the test shall be +85°C. Capacitors shall be main- 
tained at +85°C and dc rated voltage shall be applied in 
the forward direction for an additional period of 125 +10 
hours. 


15.1 Following the reverse voltage testing, the dc leak- 
age current shall not exceed 125% of the original re- 
quirement; the capacitance shall be within the initial 
value specified and the DF shall not exceed the original 
requirements. 


16. Ripple Life Test at +85°C. Capacitors shall be tested 
in accordance with MIL-C-39006. a. Operating Conditions. 
This test shall be run at a frequency of 40 KHz +2 KHz 
and at the rms ripple current levels specified in the standard 
ratings table. b. Applied dc voltage plus the peak a-c 
voltage shall not exceed the rated voltage of the capacitor. 


16.1 When tested as specified above, capacitors shall meet 
the following requirements: a. The dc leakage current at 25°C 
and at 85°C shall not exceed the original requirements. 
b. The capacitance shall not change more than +10% from 
the initial measured value. c. The DF shall not exceed the 
original requirements. d. Visual examination. There shall be 
no damage, obliteration of marking, or leakage of electrolyte. 


17. Life Test. Capacitors are capable of withstanding life 
test at the following conditions: 


Temperature Hrs. % Rated Voltage 
+E5°C 2000 100% 
ieo 2000 100* 


“Refer to the standard ratings table. 
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17.1 After life test and for those tested at +85 and/or 
+125°C, shall not exceed the initial requirement; the 
DF shall not exceed the initial requirement; and the 
capacitance value shall not change more than 10% 
from the initial measurement. 


18. Barometric Pressure (reduced). Capacitors shall be 
tested in accordance with MIL-STD-202, method 105, test 
condition E. Rated dc voltage shall be applied for 1 minute 
+5 seconds. 


18.1 Following Barometric Pressure test, capacitors 
shall be visually examined for harmful deformation of the 
case, mechanical damage, obliteration of marking, leak- 
age of electrolyte and indications of flashover and break- 
down. 


19. Thermal Shock. Capacitors shall be subjected to 300 
cycles in accordance with MIL-STD-202, method 107 
and MIL-C-39006. 


19.1 Following the thermal shock test, dc leakage current 
shall not exceed 200% of the initial requirement, ca- 
pacitance shall not have changed more than +5% from 
initial measured value and DF shall not exceed 115% 
of initial specified value. 


20. Marking. Capacitors shall be marked with Philips — 
Components part marking, type number (40AW), rated capa- - 
citance and tolerance, rated dc working voltage and the © 
standard EIA date code of manufacture. 


21. Polarity. Polarity shall be indicated by plus (‘ ) signs 
adjacent to the positive terminal. 


22. Insulation. When an insulated device is required, 
the insulating material will be MYLAR. 7 
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SERIES 40AW 


Industrial Type Tantalum Capacitors 


RIPPLE CURRENT MULTIPLIERS VS. FREQUENCY, 
TEMPERATURE & APPLIED PEAK VOLTAGE 


120 Hz 
Temp °C 
85° 105° 


800 Hz 1 kHz 10 kHz 40 kHz 100 kHz 
Temp °C Temp °C Temp °C Temp °C Temp °C 
125° | <55° 85° =105° 125°} <55° 85° =: 105°: 125° | <55° 85° s«105°)—s:125° | <55° 85° =—:105°s- 125° | <55° 85° =—s:«105°s:125° 


<55° 


% of 85°C rated 
peak voltage 


70% 
<66-2/3% 


NOTES: 

1. At 125°C the rated voltage of the capacitors decreases to 66-2/3% of the 85°C rated voltage. 

2. The peak of the applied ac ripple voltage plus the applied dc voltage must not exceed the dc voltage rating of the capacitor either forward or reverse. 

3. The ripple current listed in table | represents a rating calculated using a maximum internal temperature rise (AT) of 50°C at 40 kHz at 85°C ambient with a maximum peak rated voltage of 66-2/3% of the 
85°C peak voltage rating. 


4. The maximum allowable internal temperature rise (AT) decreases linearly to a calculated 10°C rise at 125°C ambient. 
_ 5. The internal temperature rise is directly proprotional to the ESR of the capacitor, and ESR increases with decreasing frequency. 


TYPICAL CURVES 


impedance 
A. Impedance in ohms at 25° C may be read directly from 
Curve 1. 


B. To obtain impedance at temperatures other than 25° C, 


multiply the impedance from Curve 5 by a correction factor 
from Curve 2, 3, or 4. 
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IMPEDANCE FOR TANTALUM WET SLUGS TYPICAL ESR VS. FREQUENCY AT 25°C 
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SERIES 40AW 


Industrial Type Tantalum Capacitors 


WET SLUG IMPEDANCE CORRECTION FACTGRS WET SLUG IMPEDANCE CORRECTION FACTORS 
UP TO 5 uf FOR CAPACITANCE 100 :f 
NO. 2 AND ABOVE INCLUDING PACKAGES 
NO. 4 
6 
22 
, % Mn 
oe yi 20 
pres 
zr) 
= Mil 18 
a 
tT 16 
; 1 14 
os 60 100 10K = 2 
5 enemy = 
5 WET SLUG IMPEDANCE CORRECTION FACTORS = 10 
~< FOR CAPACITANCE 5-100 if 
~ NO. 3 ; 
3 
8 
LL 6 
—— | ll il 
8 § Ve 
Qo = 4 2h i=, a 
* 2 pe TN fi2sc | 
4 g WL I TE rt 
w 2) ed eas oS wD 60 100 IK 10K 
Saeed sc. 
9 a FREQUENCY-CPS 
60 io | 1KC | 10KC | 100KC | 
FREQUENCY-HERTZ 
HOW TO SPECIFY 
Series 40AW can be specified using the following designation: 
| 0 A Ww 225 A 075 K I A 
Tantalum Industrial 
Capacitor 
O = Unsleeved 
| = Sleeved 
Axial Lead 
Capacitance 
Series Tolerance 
| J = +5% 
Wet Slug Case Size K = +10% 
M = +20% 
Capacitance Voltage Rating 
aVDE) @ 85°C 
First two digits are 
significant figures. 
Third digit numbers 
of zeros to follow 
225 = 2.2uF 
226 = 22uF 
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SERIES 40BW 


DESCRIPTION 


The 40BW capacitor is an extended range all 
tantalum cased high reliability porous anode type 
with a glass to tantalum hermetic seal. This type 
capacitor is. primarily suited for military and aero- 
space application. This capacitor meets or exceeds 
all requirements of MIL-C-39006/25. 


These capacitors are ideal for such functions as 
filtering, by-passing, coupling and timing in applica- 
tions where minimum size and weight conditions 
must be achieved and reverse voltage up to 3VDC, 
or high ripple currents, are required. 


GLASS-TO-TANTALUM SEAL 


The glass-to-tantalum seal is one unique feature 
of the 4O0BW Series. This seal differs from other 
hermetic seals in that it is a tantalum feed-through 
seal. This construction (Fig.1) provides a true glass- 
to-tantalum seal. 


TANTALUM CASE 


Use of a tantalum case and tantalum powder 
cathode permits 3VDC reverse capability without 
harm; and the sintered powder cathode allows 
higher vibration and shock levels than comparable 
silver cased devices. 


CLR 81 

Extended Range 
Tantalum Case 
Hermetically Sealed 
Tubular Tantalum-Case 
Wet-Slug Capacitor 


P| 
y 
-55°C to 125°C 6.8 to 1800 uF 
4-125 Volts DC = 
3 
y 
FEATURES S 
M@ Extended Range RB 
@ All tantalum construction ae 
HM Reverse voltage capability of 3VDC _& 
@ High ripple current 
M@ Long life 
HM Rated for —55°C to 125°C Operation 


WARNING 
NON-SOLID ELECTROLYTIC CAPACITORS MAY CONTAIN CHEMI- 


CALS WHICH CAN BE REGARDED AS HAZARDOUS IF HANDLED 
INCORRECTLY. CAUTION IS NECESSARY IF THE OUTER CASE |S 
FRACTURED. 
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SERIES 40BW 
Tubular Tantalum-Case Wet Slug Capacitor 


DIMENSIONS ouTLINE DRAWING OUTLINE DIMENSIONS 
No. 21 Awg. solderable 2 + 0.031" sie Fag acinus D +0031" = ar (mm) 


E Approximate 


Weight 


clea ect al 

40BW | Equiv.| +.031 (79) 

—.016 (.41) | +.016 (.41) +.250 (6.35) (Grams) 
A | T1 | .453(11.51)} .188 (4.78) | .219 ( 5.56) {1.500 (38.10) | .025 (.64) 2.0 
B | 12 | .641 (16.28)| .281 (7.14) |.312( 7.92) {2.250 (57.15) | 025 (.64) 5.1 
C | T3 | .766(19.48)} .375 (9.53) | .406 (10.31) |2.250 (57.15) | .025 (.64) 9.0 
D | T4 11.062 (26.97)} .375 (9.53) | .406 (10.31) |2.250 (57.15) | 025 (.64) 14,5 


STAN D AR D yy AT] N G S Length of basic case sleeving shall lap over the ends of the capacitor body. Non-shrinkable 


sleeving extends .016 inch minimum, .062 inch maximum beyond each end of the case. 


2 
fe leads 
70 a 
a D i . J eae max. trex Ast 


FIG. 1 UNINSULATED FIG.2 INSULATED 


Case 
Size 


@-55°C 
& 120Hz 


Philips Components 
Part Number 


40BW227A006M1* a 
40BW227A006K1* 2 
40BW827B006M 1* 3 
40BW827B006K1* 3 
40BW158C006M1* <) 
40BW158C006K 1* fe) 
40BW228D006M 1* 6 
40BW228D006K 1* 6 


: 40BW187A008M1* 2 
Ps 40BW187A008K1* 2 
40BW687B008M 1* 3 
40BW687B008K 1* 3 
40BW158C008M1* <) 
40BW158C008K1* <) 
40BW188D008M1* Vi 
7 


40BW188D008K 1* 


40BW157A010M1* 
40BW157A010K1* 
40BW567B010M1* 
40BW567B010K1* 
40BW128C010M1* 
40BW128C010K1* 
40BW158D010M1* 
40BW158D010K1* 


N N O01 O71 © G PO PO 


40BW107A015M1* 
40BW107A015K1* 
40BW397B015M1* 
40BW397B015K1* 
40BW827C015M1* 
40BW827C015K1* 
40BW108D015M1* 
40BW108D015K1* 


OODMWWN NN 


40BW686A025M 1* 
40BW686A025K 1* 
40BW277B025M1* 
40BW277B025K1* 


40BW567C025M 1* 
40BW567C025K1* 
40BW687D025M 1* 
40BW687D025K 1* 


CO CO NN WWD PO 
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SERIES 40BW 
Tubular Tantalum-Case Wet Slug Capacitor 


Philips Components Case 
Part Number & 120Hz Size 
ohms 


40BW566A030M 1* 
40BW566A030K 1* 
40BW227B030M1* 
40BW227B030K 1* 
40BW477C030M1* 
40BW477C030K1* 
40BW567D030M 1* 
40BW567D030K 1* 


OO CO COW WN RO 


40BW336A050M 1* 2 
40BW336A050K 1* 2 
40BW127B050M 1" 4 
40BW127B050K1* 4 
40BW277C050M1* 8 
40BW277C050K1* 8 
40BW337D050M 1* 2 
40BW337D050K 1* 9 


40BW276A060M1* 
40BW276A060K 1* 
40BW107B060M1* 
40BW107B060K 1* 
40BW227C060M 1" 
40BW227C060K1* 
40BW277D060M1* 
40BW277D060K1* 
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40BW226A075M1* 
40BW226A075K1* 
40BW826B075M1* 
40BW826B075K1* 


40BW187C075M1" 
40BW187C075K1" 
40BW227D075M1* 
40BW227D075K1* 


40BW106A100M1* 
40BW106A100K1* 
40BW396B100M 1" 
40BW396B100K1* 
40BW686C100M1* 
40BW686C 100K 1* 
40BW127D100M1* 
40BW127D100K1* 


40BW685A125M1* 
40BW685A1 25K 1* 
40BW276B125M1"* 
40BW276B125K1* 
40BW476C125M1* 
40BW476C125K1* 
40BW826D125M1* 
40BW826D125K1" 
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SERIES 40BW 
Tubular Tantalum-Case Wet Slug Capacitor 


1. Operating Temperature Range. These capacitors are 
designed to operate over a temperature range of 
—55°C to +85°C and +125°C with proper derating, 
at the appropriate voltage rating given. 


- 2. DC Working Voltage. The dc working voltage is the 


maximum operating voltage for continuous duty at the 
rated temperature. 


Up to 85°C 125°C 

6 4 

8 5 
10 7 
15 10 
25 15 
30 20 
50 30 
60 40 
75 50 
100 65 
125 85 


3. DC Leakage Current. Measurements shall be made 
at the applicable rated working voltage at 25°C +5°C 
through application of a steady source of power, such 
as a regulated power supply. A current limiting resistor 
of 1000 ohms shall be connected in series with each 


_ capacitor under test. Rated DC working voltage shall 


be applied for a maximum period of 5 minutes before 
making leaking current measurements. 


_ 31 The maximum leakage current values are as listed 
_ in the standard ratings table. 


4. Capacitance and Tolerance. The capacitance of all 


capacitors shall be within the specified tolerance limits 
of the nominal rating. 


- 41 Measurements shall be made by the bridge method 


at a frequency of 120 Hz at a temperature of +25°C. 


- The maximum voltage applied to the capacitors during 


measurements shall be 1 volt rms. Measurement ac- 
curacy of the bridge shall be within +2%. 


5. Dissipation Factor. Measurements are made with a 


- polarized capacitance bridge at a frequency of 120 Hz 
at a temperature of + 25°C. 
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capacitor at —55°C at 120 Hz shall not exceed the 
values given in the standard ratings table. 


7. Mechanical Shock. Capacitors shall withstand a 
shock of 100g when tested in accordance with method 
213 of Military Standard MIL-STD-202, test condition I. 


7.1 Following the shock test, capacitors shall be exam- 
ined for evidence of mechanical damage and leakage 
of electrolyte. 


8. High Frequency Vibration. Capacitors shall with- 
stand vibration from 10 to 2000 Hz at 20g without 
internal damage when tested in accordance with Military 
Standard MIL-STD-202, method 204, test condition D. 


Electrical measurements made while under these con- : 


ditions shall show no intermittent contacts or open or — 
short circuiting. 


shall not exceed 125% of the original requirement; the 
Capacitance shall change not more than +5% from the 


initial measured value and the DF shall not exceed 115% © ‘ 


of initial requirement. 


8.2 In addition, there shall be no evidence of mechanical 
damage, obliteration of marking, or leakage of electrolyte. 


9. Pull Test. Leads shall withstand a tensile stress of 
3 lbs. for 30 seconds applied axially in accordance with 
MIL-STD-202, method 211, test condition A. 


10. Lead Bend Test. Leads shall meet the bend test 
specified in MIL-STD-202, method 211, test condition B. 
Except number of bend shall be 4. 


11. Surge Voltage. The surge voltage rating is the max- 
imum voltage to which the capacitors shall be subjected 
under any conditions. This includes transients and peak 
ripple at the highest line voltage. The surge voltage of 
these capacitors is 115% of rated dc working voltage. 


11.1. The capacitors shall withstand the surge voltage 
applied through a 1000 ohm +10% resistor in series 
with the capacitor and voltage source at the rate of % 
minute on, 5% minutes off, for 1000 successive test 
cycles at 85°C. 


11.2 Following the surge voltage test, there shall m no 
intermittent contacts, open or short circuiting, mechan- 
ical damage, or leakage of electrolyte. 


12. Moisture Resistance. Capacitors shall be subjected 
to the moisture resistance cycling test specified in 
MIL-STD-202, method 106. 
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8.1 Following the vibration test, the dc leakage current — 


SERIES 40BW 


Tubular Tantalum-Case Wet Slug Capacitor 


PERFORMANCE CHARACTERISTICS 


12.1 Following the moisture resistance test, the dc 
leakage current shall not exceed 125% of the original 
requirement; the capacitance shall change not more 
than +8% from the initial measured value and the DF 
shall not exceed 115% of initial requirement. 


13. Seal Test. Capacitors shall be tested in acccordance 
with MIL-STD-202, method 112, test condition C, 
procedure lilla, 10° atm cc/sec followed by test 
condition A. 


14. Reverse Voltage Test. Capacitors shall be subjected 
to a dc potential of 3 volts, applied in the reverse 
polarity direction, for 125+10 hours. The ambient 
temperature during the test shall be +85°C. Capacitors 
shall be maintained at +85°C and dc rated voltage shall 
be applied in the forward direction for an additional 
period of 125+10 hours. 


141 Following the reverse voltage testing, the dc 
leakage current shall not exceed 125% of the original 
requirement; the capacitance shall be within the initial 
value specified and the DF shall not exceed the original 
requirements. 


15. Ripple Life Test at +85°C. Capacitors shall be 
tested in accordance with Military Specifications 
MIL-C-39006. a. Operating Conditions. This test shall 
be run at a frequency of 40 KHz +2 KHz and at the 
rms ripple current levels specified in the standard ratings 
table. b. Applied dc voltage plus the peak a-c voltage 
shall not exceed the rated voltage of the capacitor. 


15.1 When tested as specified above, capacitors shall 
meet the following requirements: a. The dc leakage 
current at +25°C and at +85°C shall not exceed the 
original requirements. b. The capacitance shall not 
change more than +10% from the initial measured 
value. c. The DF shall not exceed the original re- 
quirements. d. Visual examination. There shall be no 
damage, obliteration of marking, or leakage of electrolyte. 


16. Life Test. Capacitors are capable of withstanding 
life test at the following conditions: 


Temperature Hrs. % Rated Voltage 
+85°C 2000 100 
+125°C 2000 67 
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16.1 After life test and for those tested at +85 and/or 
+125°C, the capacitors shall be returned to +25°C 
+5°C. The dc leakage current, measured at +25°C, 
+85 and/or +125°C, shall not exceed the initial require- 
ment; the DF shall not exceed the initial requirement; 
and the capacitance value shall not change more than 
10% from the initial measurement. 

Not more than 1 failure shall be permitted in 12 units 
tested. 


17. Barometric Pressure (reduced). Capacitors shall be 
tested in accordance with MIL-STD-202, method 105, 
test condition E. Rated dc voltage shall be applied 
for 1 minute +5 seconds. 


171 Following Barometric Pressure test, capacitors shall 
be visually examined for harmful deformation of the case, 
mechanical damage, obliteration of marking, leakage of 
electrolyte and indications of flashover and breakdown. 


18. Thermal Shock. Capacitors shall be subjected to 
300 cycles in accordance with MIL-STD-202, method 
107 and MIL-C-39006. 


18.1 Following the thermal shock test, dc leakage 
current shall not exceed 200% of the initial requirement, 
capacitance shall not have changed more than +5% 
from initial measured value and DF shall not exceed 
115% of initial specified value. 


19. Marking. Capacitors shall be marked with Philips 
Components part marking, type number (40BW), rated 
capacitance and tolerance, rated dc working voltage at +85°C 
and the standard EIA date code of manufacture. 


19.1 Military devices will be marked as specified in 
MIL-C-39006. Para. 3.32. 


20. Polarity. Polarity shall be indicated by plus (+) signs 
adjacent to the positive terminal. 


21. Insulation. When an insulated device is required, 
the insulating material will be mylar. 
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SERIES 40BW Zz. 
Tubular Tantalum-Case Wet Slug Capacitor 


RIPPLE CURRENT MULTIPLIERS VS. FREQUENCY, 
TEMPERATURE & APPLIED PEAK VOLTAGE 


Frequency 


of applied 4: . 100 kHz 
ripple current 


Ambient still air 
temperature 


rated 
peak 
voltage 


6672% 


NOTES: 


1. At 125°C the rated voltage of the capacitors decreases to 667% of the 85°C rated voltage. 
2. The peak of the applied ac ripple voltage plus the applied dc voltage must not exceed the dc voltage rating of the capacitor either forwa 
or reverse. 
. The ripple current listed in table 1 represents a rating calculated using a maximum internal temperature rise ( As ) of 50°C at 40 Kt 
at 85°C ambient with a maximum peak rated voltage of 667% of the 85°C peak voltage rating. 
4. The maximum allowable internal temperature rise ( At ) decreases nearly to a calculated 10°C rise at 125°C ambient. 
S. The internal temperature rise is directly proportional to the ESR of the capacitor and ESR increases with decreasing frequency. 
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TYPICAL CURVES 


impedance 

A. Impedance in ohms at 25°C may be read directly 
from Curve 1. 

B. To obtain impedance at temperatures other than 

_ 25°C, multiply the impedance from Curve 5 by acor- 
rection factor from Curve 2, 3, or 4. 


IMPEDANCE FOR TANTALUM WET SLUGS WET SLUG IMPEDANCE CORRECTION FACTORS 
at 25°C UP TO 5 uf 
: NO. 2 
aie | | 
6 - 
ae St Series WA | 
ye Boa Seti 55C 
= ie 4 
= Gm SC00t kone Moe: a OL r—t ea oe oenn o | mii 
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| | ETL UU 
60 100 1000 10K —-100K IMC —«10MC._—O«100MC 
FREQUENCY-HERTZ 
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SERIES 40BW 


Tubular Tantalum-Case Wet Slug Capacitor 


WET SLUG IMPEDANCE CORRECTION FACTORS 
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SERIES 40BW 
Tubular Tantalum-Case Wet Slug Capacitor 


HOW TO SPECIFY 


Philips Components Series 40BW can be specified using the following designation: 


4 0 B WwW 226 A 075 K i A : q 
Tantalum Capacitance , 
Capacitor Tolerance 
ry Axial Lead J = +5% a 
5 K:=: 410% 
Sy, M= +20% 
5 
me Series Voltage Rating O = Unsleeved 
@85°C | = Sleeved 
© Wet Slug Case Size 
3 Reliability Level 
Capacitance 
© ae (oF) A = Industrial Grade 
g — com Ad? 
S First two digits are M = CLR81 “M" Level 
ianifi P = CLR81 “P” Level 
ey significant figures. a pa 
% Third digit numbers X = Requires M/C 
of zeros to follow Internal Spec. 
226 = 22uF 
227 = 220 uF 
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Extended Range Tubular Wet 
Tantalum Capacitor | 


oy 


DESCRIPTION FEATURES —— 
40EW Type Tantalum Capacitors are uniquely a mies oes 

designed for 125°C applications with a leak proof = TUBULAR-POLAR 

construction that surpasses all military specifica- 

tions. The Philips Components 40EW Type capa- = THIXOTROPIC ELECTROLYTE 

citor offers extreme savings in both weight and 

Space as compared with the conventional flange eee 

type construction. Savings up to 30% in weight = TANTALUM CAPACITOR 

and 40% in volume are available. yes 

Philips Components research and development a +129;6 OPERATION 
facilities, coupled with years of manufacturing = ELASTOMER SEAL - 
experience, have resulted in these advantages, one 
together with extremely. low leakage current. These @ HIGHEST CAPACITANCE PER UNIT VOLUME » ri. 
Capacitors are normally supplied with an insulated 
case, without additional cost, for added protection 
in compact circuits. 


WARNING 
NON-SOLID ELECTROLYTIC CAPACITORS MAY CONTAIN CHEMI- 


CALS WHICH CAN BE REGARDED AS HAZARDOUS IF HANDLED 
INCORRECTLY. CAUTION IS NECESSARY IF THE OUTER CASE IS 
FRACTURED. 
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SERIES 40EW 


Industrial Type Tantalum Capacitors 


OPERATING TEMPERATURE RANGE 
Philips Components 40EW Type Tantalum Capacitors are designed to 
operate over a temperature range of —55°C to +85°C without derating. The 
units must be derated @ 125°C. 


DC WORKING VOLTAGE 
The dc working voltage is the maximum operating voltage for con- 
tinuous duty at the rated temperature. 


SURGE VOLTAGE 
The surge dc rating is the maximum voltage to which the capacitors 
should be subjected under any conditions. This includes transients and 
peak ripple at the highest line voltage. The surge voltage of all 40EW Type 
Tantalum Capacitors is 115% of rated dc working voltage. 
The capacitors shall withstand the surge test voltage applied through 
a 1000 ohm ~+10% resistor in series with the capacitor and voltage source 


at the rate of ’2 minute on, 5’ minutes off, for 1000 successive test cycles 


at 125°C. 

Following the surge test, the capacitance at 25°C shall not have changed 
by more than +10%, the equivalent series resistance will not exceed the 
value shown in the tables for each capacitor, and the leakage current will 
not exceed the requirements of paragraph 7. Not more than 1 failure for 
any of the above reasons shall be allowed for any 12 samples tested. 


CAPACITANCE 

Capacitance measurements shall be made at or referred to 120 Hz 
and a temperature of +25°C. 

The capacitance of all capacitors shall be within the specified tolerance 
limits of the nominal rating. 


CAPACITANCE CHANGE WITH TEMPERATURE 
Capacitance change with temperature shall not exceed the limits 
given in the tables for each capacitor. 


DISSIPATION FACTOR 

Measurements shall be made by the bridge method at or referred to 
a frequency of 120 Hz at a temperature of +25°C. 

The Dissipation Factor shall not exceed the maximum value in percent 
listed in the tables for each capacitor. 


LEAKAGE CURRENT 

Measurements shall be made at rated working voltage with an appli- 
cation of a steady source of power, such as a regulated power supply with 
a 1000 ohm resistance to limit the charging current, connected in series 
with each capacitor under test. Rated working voltage shall be applied 
to capacitors for 5 minutes before making leakage current measurements. 

The maximum leakage current for any capacitor shall not exceed the 
maximum value in microamperes listed in the tables. 


LOW TEMPERATURE IMPEDANCE 
The impedance of any capacitor, at —55°C and 120 Hz, shall not 
exceed the values given in the tables for each capacitor. 


LIFE TEST 

Capacitors are capable of withstanding a 2000 hour life test at a 
temperature of 125°C at rated dc working voltage. 

After life test, the leakage current shall not be in excess of the original 
requirements, the equivalent series resistance shall not be more than 
130% of the initial requirement, and the capacitance value shall not have 
increased by more than 25% or decreased by more than 15% from the 
initial value. 

Not more than 1 failure shall be permitted in 12 units tested. 


LOW FREQUENCY VIBRATION 

Capacitors shall withstand a simple harmonic motion having an ampli- 
tude of 0.03" (max. total excursion 0.06") with the frequency being varied 
uniformly between the approximate limits of 10 to 55 Hz and ratings to 
be transversed in approximately 1 minute for a total of 112 hours. 

After vibration test, capacitors shall meet the original requirements for 
capacitance tolerance, equivalent series resistance, and leakage current. 


HIGH FREQUENCY VIBRATION 

Capacitors shall withstand vibration from 10 to 2000 Hz at 15g without 
internal damage. Electrical measurements made while under these con- 
ditions shall show no intermittent open or short circuit. 

Capacitors shall be securely fastened by means of suitable component 
clips or brackets. 


PULL TEST 
Leads shall withstand a tensile stress of 3 lbs. for 30 seconds 
applied axially. 


LEAD BEND TEST 
Leads shali meet the bend test described in MIL-C-39006. 


MOISTURE RESISTANCE 

Capacitors shall withstand the moisture resistance cycling test speci- 
fied in MIL Standard 202C, method 106A, without departure from the 
original limits of capacitance, equivalent series resistance, and leakage 
current. 


SHELF TEST 

Capacitors shall withstand a 2000 hour shelf test at 125°C with no 
voltage applied. 

Following the shelf test, the capacitance shall not have changed by 
more than 10% from the initial value and the leakage current and equiva- 
lent series resistance shall not exceed the values given in the tables for 
each capacitor. | . 


THERMAL SHOCK eae 
Capacitors shall be tested in accordance with method 107 of MIL-STD- - 
202. The following details and exception shall apply: . 
(a) Conditioning prior to first cycle—15 minutes at room ambient 
conditions. 
(b) Test condition letter—B. 
(c) Measurements before and after cycling—Not applicable. 


REDUCED PRESSURE 

Capacitors shall be stabilized at a reduced atmospheric pressure of 
1.69X107' Torr. for a period of 5 minutes. Rated dc voltage shall be 
applied for 1 minute. Capacitors shall not flash over nor shall end seals 
be damaged by this test nor should the capacitors be electrically effected 
insofar as capacitance, equivalent series resistance, or leakage current 
is concerned. 

KING 

ees will be marked with Philips Components part marking type 
(CW), rated capacitance and tolerance, rated DC voltage and date code 


where space permits. 


PART NUMBER SYSTEM 


050 K 1 A 


f INDUSTRIAL 


O = UNSLEEVED 
1 = SLEEVED 


CAPACITANCE TOLERANCE 
J=+5% K=2+10% 


VOLTAGE RATING @ 85 C 
CASE SIZE 
CAPACITANCE IN PICOFARADS 
First two digits are significant figures. 
Third digit number of zeros to follow: 
335 = 3.3 uF 
336 = 33 uF 
WET ELECTROLYTE 
SERIES 
AXIAL LEAD 


TANTALUM CAPACITOR 
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M = +20% 


SERIES 40EW 


Industrial Type Tantalum Capacitors 


OUTLINE DRAWING AND DIMENSIONS Dimensions — Inches (mm) 
2 +.016 (0.41) Max +.250 (6.35) 
| _— vila 


453 (11,51) .188 (4.78) cl ( G06) 1.500 (38.10) 
641 (16.28) , #e8) (7.74) wile { £92) 2.200 (97.19) 
.766 (19.46) 379 (9.53) 406 (10.31) 2200 (5/,109) 
1.062 (26.98) s3fD (9:53) 406 (10.31) 2200 (97.15) 


*For insulated style. shrinkable sleeving laps over the ends of the case. 


Max RMS Ripple 
Max D-c Leakage | Max Capacitance Current Part Number 
Current (ua) Change (%) (Milliamps) +10% 


| 25c_]85c/125C |-55C |+85C |+125C|+85C | +125C_ 


4/4.7 40EW227A006K1A 
4/4.7 40EW827B006K1A 
4/4.7 40EW158CO06K1A 


4/4.7 40EW228D006K1A 


40EW187A008K1A 
40EW87B008K1A 

40EW158C008K1A 
40EW188D008K1A 


5/5.8 
5/5.8 
5/5.8 
5/5.8 


7/8.2 40EW157A010K1A 


7/8.2 | 40EW567B010K1A 
7/8.2 40EW128C010K1A 
7/8.2 40EW158D010K1A 


10/11.6 40EW107A015K1A 
10/11.6 40EW397B015K1A 
10/11.6 40EW827C015K1A 


10/11.6 40EW108D015K1A 


: 


40EW686A025K1A 
40EW277B025K1A 
40EW567C025K1A 
40EW687D025K1A 


15/17.4 
15/17.4 
15/17.4 
15/17.4 


40EWS66A030K1A 
40EW227B030K1A 
40EW477C030K1A 
40EW567D030K1A 


20/23.2 
20/23.2 
20/23.2 
20/23.2 


30/35 40EW336A050K1A 
30/35 40EW127B050K1A 
30/35 40EW227C050K1A 
30/35 40EW337D050K1A 


40EW276A060K1A 
40EW107B060K1A 
40EW227C060K1A 
40EW277D060K1A 


40/46 
40/46 
40/46 
40/46 


50/58 40EW226A075K1A 
50/58 40EW826B075K1A 
50/58 40EW187C075K1A 


40EW227D075K1A 


40EW106A100K1A 
40EW396B100K1A 
40EW686C100K1A 
40EW127D100K1A 


— 
ie ae ee) OoOORW OO oO & © 00 WN CoO N GPO CO NG PM COM WN “O11 G PO “I O01 ©) PO O O1@ Ph 


50/58 


70/82 
70/82 
70/82 
70/82 


85/99 40EW685A125K1A 
85/99 40EW276B125K1A 
85/99 40EW476C125K1A 


DOWNrF DVJOUYF VOWrF DVDOWYF DVOWF DVDOWYF DVDOWYF VDOWFY: DODWF VDOWF VDOWY 


85/99 40EW826D125K1A 


Approximate weight A 1.5 Gram C 6.5 Gram 
B 3.4 Gram D 10.3 Gram 
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Tantalum Capacitors 


- +125 


+50 


+25 
Temperature, Degrees C 


Fig. 4. Case Size D 


+125 =O ain ee 


+85 


#25 
Temperature, Degrees C 


Fig. 2. Case Size B 
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SERIES 40EW 


Industrial Type Tantalum Capacitors 


TYPICAL CURVES (Cont'd) 
Equivalent Series Resistance (ESR) With Temperature (120 Hz) 


180 uF 75V 


470 uF, 30V 
22 uF, 75V 


1500 uF 6V 


Ohms 


56 :F, 30V 
220 uF, 6V 


=55 =30 +25 +85 +125 
Temperature, Degrees C Temperature, Degrees C 
Fig. 5. Case Size A Fig. 7. Case Size C 


220 uF, 75V 
560 uF, 30V 
ees, O00 LP. OV 


Ohms 


82 uF, 75V 
220 uF 30V 
820 uF, 6V 


Ohms 


=55 =30 +25 +85 +125 =55 —30 +25 +85 +125 
Temperature, Degrees C Temperature, Degrees C 
Fig. 6. Case Size B Fig. 8. Case Size D 
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SERIES 40EW 


Industrial Type Tantalum Capacitors 
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Impedance With Frequency (Cont'd) 
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1500xf, 6 Volts. 
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Tantalum Capacitors 


FREQUENCY 


FREQUENCY 
Fig. 16. 470;,f, 30 Volts. | 


560, f, 30 Volts. 


Fig. 19. 
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10 MHz 


1 MHz 


100 KHz 
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10KHz 100KHz 1MHz 10 MHz 
FREQUENCY 
Fig. 17. 


1 KHz 
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FREQUENCY 


220.4, 75 Volts. 


Fig. 20. 


180;, 75 Volts. 
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SERIES 40EW 


Industrial Type Tantalum Capacitors 
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SERIES 43JW 


Module Tantalum Capacitor 


DESCRIPTION 


Philips Components 43JW Wet Tantalum Capa- 
citors offer ultra-high capacitance and extremely 
small physical dimensions uniquely combined in 
an exclusive true glass-to-metal hermetic seal. 
This tested and proven design is manufactured 
in a rectangular case for easy mounting in any 
application. 


Modern production facilities and highly trained, 
skilled personnel make it possible for Philips 
Components to produce tantalum capacitors 
having guaranteed low impedance, long life and 
extremely low loss characteristics. 


The type 43JW series is designed to operate over 
the full military temperature range (—55°C to 
+125°C). Specifications and test conditions are 
presented on the following pages. Thixotropic 
gelled electrolyte assures electrical stability 
throughout extreme temperature ranges. 


FEATURES 

= HERMETIC SEAL 

= HIGH CAPACITANCE IN ONE CONVENIENT CASE 

= THIXOTROPIC GELLED ELECTROLYTE 

= HIGHER RATINGS AVAILABLE 

= AVAILABLE WITH ALL TANTALUM 40AW STYLE CELL 


WARNING 
NON-SOLID ELECTROLYTIC CAPACITORS MAY CONTAIN CHEMI- 
CALS WHICH CAN BE REGARDED AS HAZARDOUS IF HANDLED 


INCORRECTLY. CAUTION IS NECESSARY IF THE OUTER CASE IS 
FRACTURED. 
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TEST SPECIFICATIONS 


DESIGN AND CONSTRUCTION 


43JW series is constructed from modular assemblies of Philips 
Components 40LW type straight wall 125°C wet electrolyte tantalum 
capacitors. Module assembly epoxy-encapsulated in tinned-metal case 


and sealed with glass-to-glass seals. 


OPERATING TEMPERATURE RANGE 
Designed to operate over a temperature range of —55°C to +85°C 
without derating. May be operated at 125°C with derating. 


CAPACITANCE 

Series capacitance measurements made by polarized bridge method 
at or referred to 120 Hz with 1.0VAC rms max and 2.2 VDC max @ +25°C. 
Capacitance shall be within the specified tolerance limits of nominal 
rating. 


CAPACITANCE CHANGE WITH TEMPERATURE 
Change in capacitance between initial measurements at +25°C +5°C 
and measurements at temperatures listed below shall not exceed the 
applicable values specified at: 
=55°C 
125°C 


—35 percent 
+25 percent 


EQUIVALENT SERIES RESISTANCE (ESR) 

Bridge measurements at or referred to 120 Hz with 1.0VAC rms max 
and 2.2 VDC max at a temperature of 25°C +5°C. Measured equivalent 
series resistance shall not exceed the values shown for each rating. 


LEAKAGE CURRENT 

Measurements at rated working voltage at 25°C +5°C with steady 
source of power applied (regulated power supply) with a 10000 resist- 
ance in series with capacitor under test. Rated working voltage applied 
for 5 mintues before making measurements. Maximum leakage current 
shall not exceed the listed maximum value. 


LOW TEMPERATURE IMPEDANCE 
Impedance value measured @ 120 Hz @ —55°C shall not exceed 
listed value. 


DC WORKING VOLTAGE 
WVDC is maximum operating voltage for continuous duty at rated 
temperature. 


SURGE VOLTAGE 

Surge dc rating is the maximum voltage under any condition. Includes 
transients and peak ripple at highest line voltage. Surge voltage is 
115% of rated WVDC. 

Surge test voltage applied through a 1000 ohm +10% series resistor 
at rate of 2 minute on, 5'2 minutes off, for 1000 successive test cycles 
@ 85°C. 

Following surge test, capacitance @ 25°C not to change more than 
+10%, dissipation factor not to exceed value shown and leakage current 
not to exceed stated requirements. 
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LIFE TEST 

Tested for 2000 hours at rated dc working voltage @ 85°C. Leakage 
current not to exceed original requirements, equivalent series resistance 
not to exceed 130% of the initial requirement, and capacitance not to 
change more than +25%. 


HIGH FREQUENCY VIBRATION 

Vibration from 10 to 2000 Hz @ 20g. Electrical measurements to show 
no intermittent open or short circuit during test. 

After test, capacitance, ESR and leakage current shall meet the original 
requirements. 


PULL TEST 
Terminals shall withstand a tensile stress of 5 Ibs. for 30 seconds 
applied axially. 


MOISTURE RESISTANCE 

Moisture resistance cycling test specified in MIL Standard 202, method 
106. After test, capacitance, equivalent series resistance, and leakage 
current shall meet the original requirements. 


SHELF TEST 

A 2000-hour test @ 85°C with no voltage applied. Capacitance not to 
change more than 10% from the initial value, leakage current not to 
exceed requirements specified, and ESR not to exceed values stated. 


THERMAL SHOCK AND IMMERSION 

Tests specified in MIL Standard 202, method 107 and 104 to be com- 
plied with. After test, capacitance, ESR and leakage current shall meet 
the original requirements. 


ALTITUDE 

Stabilized at a reduced atmospheric pressure up to 100 miles for 5 
minutes. Capacitors not to flash over with rated dc voltage applied 1 
minute. End-seals not to be damaged. Electrical measurements shall 
show no intermittent contacts and capacitance, ESR and leakage current 
shall meet original limits. 


POLARITY 
Polarity will be indicated by a Red Glass Seal on the positive (+) 
terminal and a black glass seal on the negative (—) terminal. 


Weight 
Approximate 
A 45 Grams 
B 55 Grams 
C 60 Grams 
D 75 Grams 
E 95 Grams 
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SERIES 43JW 


Industrial Type Tantalum Capacitors 


Philips Components Type 43JW Tantalum Capa- 
Aree ON NOTES citors will withstand the ripple current heating 
DC Working Voltages effects as shown in the typical operating data. 
85°C 125°C In operation, the peak voltage across the capacitor 
WVDC Surge WVDC Surge (DC working voltage plus peak ripple voltage) 
- 4 ; aa must not exceed the rated working voltage of the 
8 9.2 5 5 8 capacitor. The DC component of the applied voltage 
10 11.6 7 8.2 should always be large with respect to the AC 
15 17.2 10 11.6 component to prevent polarity reversal. 
a at ee Philips Components Type 43JW Tantalum Capa- 
45 51.7 30 35.0 citors will withstand the ripple current heating 
50 57.5 33 38.0 effects equivalent to the values specified for each 
60 69.0 40 46.0 case size: 
~al 78 86.2 50 97.5 Case Size Ripple Current (Amperes) at 120 Hz 
et) 100 115 70 80.5 
~| 110 126.5 73 84.3 A 0.8 
of 125 143.8 83 95.5 B 
~s 150 172 100 115.0 C | 
~ D 18 
= E 2.0 
e pee 
20 
© | : 25 
x J 3.0 
Q K 35 
2. PART NUMBER SYSTEM iy ie 
=) EXAMPLE 4 3 J W 338 A O06 K O A J 
G 


a TERMINAL CONFIGURATION 


J = Neither terminal 
connected to case 
internally. 

K = Positive terminal 
connected to case 
internally. 

L = Negative terminal 
connected to case 
internally. 


INDUSTRIAL 


O = UNSLEEVED 


APACITANCE TOLERANCE 
J = +5% K = +10% M =+20% 


VOLTAGE RATING AT 85 C 
CASE SIZE 


CAPACITANCE IN PICOFARADS 
First two digits are significant figures. 
Third digit number of zeros to follow: 


338 = 3300 uF 
149 = 14000 uF 
WET ELECTROLYTE 
SERIES 
MODULE 


TANTALUM CAPACITOR 
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Max. D.C. Leakage Current Max. 
Case Capacitance WVDC uA ESR Part Number 
A 3300 6 4.0 24 36 | 6.10 ABJW338A006KOA 
B 4400 6 55 33 49 5.00 A3JW448BO06KOA 
C 5500 6 4.25 A3JW558CO06KOA 
D 6600 6 3.90 A3JW668DO06KOA 
F 7200 6 3.30 A3JW728FOO6KOA 
G 9600 6 2.50 A3JW968GOO6KOA 
E 9800 6 2.25 A3JW988E006KOA 
H 12000 6 2.00 43JW129HOO6KOA 
J 14000 6 1.70 43JW149JO06KOA 
K 17000 6 1.40 43JW179KOO6KOA 
L 19000 6 1.20 43JW199LOO06KOA 
M 22000 6 1.10 A3JW229MO06KOA 
F 5100 8 5.50 43JW518FOO8KOA oT 
G 6800 8 2.80 AB JW688GO008KOA ~ 
- 8500 8 2.20 A3JW858HOO8KOA Pa 
J 10000 8 1.80 43JW109J008KOA ty 
K 12000 8 1.60 43JW129KO08KOA a 
L 14000 8 1.40 43JW149LO08KOA 
M 15000 8 1.20 43JW159MOO08KOA = 
A 2300 10 66.00 43JW238A010KOA 2) 
B 3000 10 5.50 43JW308B010KOA & 
© 3800 10 470 43JW388C010KOA 8 
D 4500 10 3.80 43JW458D010KOA % 
F 4500 10 3.80 43JW458F010KOA © 
E 6000 10 3.15 43JW608E010KOA mh 
G 6000 10 2.90 A3JW608G010KOA ra) 
b! 7500 10 2.30 43JW758HO10KOA a | 
J 9000 10 1.90 A43JW908J010KOA of 
K 10000 10 1.60 43JW109K010KOA 
lL: 12000 10 1.40 A3JW129L010KOA 
M 14000 10 1.30 43JW149M010KOA 
A 480 15 6.80 43JW487 A015KOA 
A 960 15 3.10 A43JW967 A015KOA 
B 1200 15 2.30 A3JW128B015KOA 
A 1400 15 1.70 43JW148A015KOA 
C 1400 15 1.70 43JW148C015KOA 
A 1600 15 1.63 A3JW168A015KOA 
B 1900 15 1.55 43JW198B015KOA 
B 2100 15 1.30 43JW218B015KOA 
D 2100 15 1.30 43JW218D015KOA 
C 2400 15 1.15 43JW248C015KOA 
E 2400 15 1.15 A3JW248E015KOA 
C 2700 15 1.10 43JW278C015KOA 
D 2900 15 1.05 A3JW298D015KOA 
D 3200 15 1.00 43JW328D015KOA 
F 3200 15 380 |  43JW328F015KOA 
E 3900 15 1.00 A3JW398E015KOA 
E 4300 15 1.00 43JW438E015KOA 
G 4300 15 2.90 43JW438G015KOA 
H 5400 15 2.30 43JW548HO15KOA 
J 6500 15 1.90 43JW658J015KOA 
K 7600 15 1.60 43JW768K015KOA 
L 8600 15 1.40 43JW868L015KOA 
N, 1.30 43JW978M015KOA 


9700 15 
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Case Capacitance WVDC uA Part Number 

F 2100 25 162 79 122 43JW218F025KOA 

G 2800 25 17.5 105 175 A3JUW288G025KOA 

H 3500 25 21:9 132 219 43JW358HO25KOA 

J 4200 25 26.3 158 263 43JW428J025KOA 

K 4900 25 30.7 184 307 43JW498K025KOA 

L 5600 25 35.0 210 350 A3JW568L025KOA 

M 6300 25 39.4 237 394 A3JW638M025KOA 

A 270 30 1.5 g 14 43JW277 AO30KOA 

A 520 30 20 18 a7 43JW527 AOZOKOA 

B 660 30 4.0 24 36 43JW667 BO30KOA 

A 820 30 5.0 30 45 43JW827 AO3ZOKOA 

C 820 30 5.0 30 45 43JW827 CO30KOA 

Ny A 900 30 55 33 49 43JW907 AO30KOA 
3 B 1100 30 6.5 39 59 43JW118BO30KOA 
Pt B 1200 30 7.0 42 63 43JW128B030KOA 
9 D 1200 30 7.0 42 63 43JW128D030K0A 
= E 1300 30 8.0 48 72 43JW138E030KOA 
| C 1400 30 8.0 48 72 43JNW148CO030KOA 
= C 1500 30 9.0 54 81 43JW158CO50KOA 
D 1600 30 10.0 60 90 43JW168D030KO0A 

© D 1800 30 11.0 66 99 43JW188D030KOA 
F 1800 30 13.5 81 135 43JNW188FO30KOA 

Ss E 2200 30 43.0 78 117 43JW228E030KOA 
% E 2400 30 14.0 84 126 A3JW248E030KOA 
1) G 2400 30 18.0 108 180 43JW248GO30KOA 
~y H 3000 30 22.5 135 225 43JW308HO30KOA 
=) J 3600 30 270 162 270 43JW368J030KOA 
= K 4200 30 31.5 189 315 A3JNW428KO030KOA 
a) L 4800 30 36.0 216 360 43JNW488LO030KOA 
M 5400 30 40.5 243 405 43JW548M030KOA 

A 430 45 40 24 36 43JW437 AO45KOA 

B 550 45 5.0 30 45 43JW557 BO45KOA 

A 570 45 5.0 50 45 43JW577 AO45KOA 

B 600 45 55 30 re) 43JW607 BO45KOA 

C 660 45 6.0 36 54 A3JW667 CO45KOA 

B 750 45 7.0 42 63 43JW757BO45KOA 

B 800 45 75 45 67 43JW807 BO45KOA 

C 940 45 75 45 67 43JW947 CO45KOA 

e 1000 45 9.0 54 81 43JW108CO045KOA 

D 1000 45 3.0 54 81 43JW108D045KOA 

E 1100 45 10.0 60 90 43JW118E045KOA 

D 1200 45 110 66 99 A3JW128D045KOA 

E 1500 45 13.0 78 447 A3JW158E045KOA 

E 1600 45 14.5 87 130 43JW168E045KOA 

A 200 50 20 12 18 43JW207 AOSOKOA 

A 400 50 40 24 36 43JW407 AOS50KOA 

A 430 50 As O7 At 43JW437 AOSOKOA 

A 480 50 5.0 30 45 43JW487 AOSOKOA 

B 500 50 50 30 45 43JW507 BO50KOA 

C 600 50 6.0 36 54 43JW607 COS5OKOA 

B 640 50 6.5 39 59 43JW647 BOS5SOKOA 

Cc 800 50 8.0 48 72 43JW807 COSOKOA 

D 800 50 8.0 48 72 43JW807 DOSOKOA 

E 960 50 9.5 57 85 43JW967 EOSOKOA 

F 960 50 12.0 72 120 43JW967 FOSOKOA 

E 1000 50 10.0 60 90 43JW108EO50KOA 

= 1300 50 13.0 78 43:7 A3JW138E050KOA 

G 1300 50 16.3 98 163 43JNW138GO50KOA 

H 1600 50 20.0 120 200 A3JW168HOS50KOA 

J 1900 50 23.8 143 238 43JW198JO50KOA 

K 2200 50 27.5 165 275 A43JNW228K050KOA 

L 2600 50 32.5 195 325 A3JNW268LO50KOA 

M 2900 50 36.3 218 363 43JW298M050KOA 
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Max. D.C. Leakage Current Max. 
Case Capacitance WVDC uA ESR Part Number 
A 60 5.0 30 45 67 5.00 43JW407 AOGOKOA 
B 60 6.5 39 59 48 3.10 43JW567 BO6OKOA 
C 60 8.5 51 76 38 3.10 43JW707 CO60KOA 
D 60 10.0 60 90 2D 2.70 43JW847 DO60KOA 
F 60 12.6 76 126 33 4.70 43JW847FO6OKOA 
= 60 13.0 78 117 24 2.00 43JW118E060KOA 
G 60 16.5 99 165 25 3.50 43JW118GO60KOA 
4 60 21.0 126 210 20 2.80 43JW148HO60KOA 
J 60 255 153 255 AT 2.30 43JW178JO60KOA 
K 60 30.0 180 300 15 2.00 43JW208KO60KOA 
L 60 33.0 198 330 13 1.80 A3JW228LO60KOA 
M 60 37.5 225 375 1 1.60 43JW258MO60KOA 
A 150 75 2.0 12 18 1.06 15.60 43JW157A075KOA ay! 
A 270 75 4.0 24 36 59 8.50 43JW277A075KOA ~| 
A 330 75 5.0 30 45 81 7.00 43JW337 AO75KOA Lm 
B 330 75 5.0 30 45 49 7.00 43JW337 BO75KOA “J 
A 400 75 6.0 36 54 67 5.00 43JW407 AO75KOA e 
C 400 75 6.0 36 54 40 5.00 43JW407C075KOA = 
B 440 75 6.5 39 59 61 5.00 43JW447 BO75KOA 
2 530 75 8.0 48 72 50 4.80 43JW537 BO75KOA eT 
C 550 75 8.5 51 76 48 3.85 43JW557C075KOA & 
D 600 75 9.0 54 72 27 3.65 43JW607D075KOA = 
C 660 75 10.0 60 90 A 3.50 43JW667C075KOA 9 
E 660 75 10.0 60 90 24 3.50 43JW667E075KOA & 
F 660 75 12.4 75 124 42 4.80 43JW667FO75KOA ey 
D 790 75 12.0 72 108 34 3.10 43JW797D075KOA Lm 
E 880 75 13.0 78 17 30 2.60 43JW887E075KOA J 
G 880 75 16.5 99 165 31 3.60 43JW887GO75KOA v 
E 1100 75 16.0 96 144 24 1.40 43JW118E075KOA 
H 1100 75 20.7 124 207 25 2.90 43JW118HO75KOA 
J 1400 75 26.3 158 263 21 2.40 43JW148J075KOA 
K 1500 75 28.2 169 282 18 246 43JW158KO75KOA 
L 1800 75 33.8 203 338 15 1.80 43JW188L075KOA 
M 2000 75 37.5 225 375 14 1.60 43JW208M075KOA 
A 85 100 20 {2 18 1.88 31.50 43JW856A100KOA 
A 170 100 3.5 21 32 94 15.00 43JW177A100KOA 
B 220 100 45 27 40 73 11.60 43JW227B100KOA 
A 260 100 5.0 30 45 61 8.00 43JW267 A100KOA 
G 260 100 5.0 30 45 61 8.00 43JW267C100KOA 
B 350 100 7.0 42 63 46 6.50 43JW357B100KOA 
D 350 100 7.0 42 63 AG 6.50 43JW357D100KOA 
G 440 100 9.0 54 7 36 5.80 43JW447C100KOA 
E 440 100 9.0 54 ie 36 5.80 43JW447E100KOA 
F 510 100 12.8 71 128 50 5.00 43JW517F100KOA 
D 530 100 11.0 66 99 30 5.70 43JW537D100KOA 
G 680 100 17.0 102 170 a7 3.80 43JW687G100KOA 
E 700 100 14.0 84 126 23 4.10 43JW707E100KOA 
H 850 100 2134 128 213 30 3.00 43JW857H100KOA 
J 1000 100 25.0 150 250 25 2.50 43JW108J100KOA 
K 1200 100 30.0 180 300 21 2.10 A3JW128K100KO0A 
L 1400 100 35.0 210 350 19 1.90 43JW148L100KOA 
M 


1500 100 37.5 229 375 e's 1.70 43JW158M100KOA 
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Max. D.C. Leakage Current Max. Z 
Case Capacitance WVDC uA Part Number 

A 110 3.0 18 ov 1.14 22.00 43JW147A110KOA 
B IO 40 24 36 89 20.00 43JW187B110KOA 
C 110 one) 30 45 ao 10.00 43 JW227C110K0A 
A 110 5. 33 49 67 14.00 43 JW247A110KOA 
B 110 70 42 63 50 8.20 43JW327B110KOA 
E 110 8.0 48 {2 45 7.40 43JW367E110KOA 
C 110 9.0 54 81 .40 7.00 43JW407C110K0A 
D 110 10.5 63 94 BC 5.380 43JW487D110KO0OA 
E 110 14.0 84 126 2 4.90 43JW647E110KOA 
A 170 125 4.0 24 36 94 20.00 43JW177A125KOA 
A 180 125 4.5 a7 40 89 19.00 43JW187A125KOA 
B 220 125 emo 33 49 oO 16.00 43JW227B125KOA 
B 240 125 6.0 36 54 .67 14.00 43JW247B125KO0A 
C 280 125 70 42 63 OT 13.00 43JW287C125KOA 
C 300 125 es, 45 67 53 12.00 43JW307C125KOA 
D 340 125 8.5 51 76 47 o.30 43JW347D125KOA 
F 340 125 10.7 64 107 OT 5.50 43JW347F125KOA 

E 350 125 G5 51 76 46 8.20 43JW357E125KOA 
D 360 t25 9.0 54 81 45 8.30 43JW367D125K0A 
G 450 125 14.1 85 141 50 4.10 43JW457G125KOA 
E 480 125 120 {2 108 30 700 43JW487E125KOA 
H 560 125 ieee 105 es) .40 3.30 43JW567H125KO0A 
J 670 125 210 126 210 RG, 2.80 43JW677J125KOA 

K 790 125 247 149 247 129 2.40 43JW797K125KOA 
L 900 125 28.2 169 262 2D 2.10 43JW907L125KOA 

M 1000 125 34.3 188 313 122 1.80 43JW108M125KOA 
A oO 150 1:0 6 9 4,55 40.00 43JW356A150K0A 
A 60 150 2.0 12 18 2.66 33.00 43JW606A150KOA 

A 70 150 20 12 18 2.28 28.80 43JW706A150KOA 
B 90 150 25 15 22 1.76 22.40 43JW907B150KO0A 
C 100 150 eae) 18 2 1.60 16.40 43JW107C150KOA 
B 120 150 35 21 32 103 15,20 43JW127B1 50KOA 
A 130 150 40 24 36 22 13.65 43JW137A150KOA 
D 140 150 4.0 24 36 1.14 12.40 43JW147D150KOA 
B 170 150 5.0 30 54 84 11.45 43JW177B150K0A 
D 180 150 55 33 49 89 120 43JW187D150KO0A 
E 180 150 5.5 oo 49 89 ee 8) 43JW187E15CKO0A 
C 220 150 65 39 59 13 16.00 43JW227C150K0A 
E 240 160 70 42 63 67 8.30 43JW247E150KO0OA 
D 260 150 8.0 48 f2 62 8.20 43JW267D150K0A 
E 350 150 10.0 60 90 46 8.10 43JW357E150KO0OA 
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IMPEDANCE. CAPACITANCE. AND EQUIVALENT 
SERIES RESISTANCE WITH TEMPERATURE FOR 
TYPE 43JW507 BOSOKOA 


IMPEDANCE WITH FREQUENCY AT VARIOUS 
TEMPERATURES FOR TYPE 43JW267A100KOA 
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DISSIPATION FACTOR. CAPACITANCE 
CHANGE. AND DC LEAKAGE CURRENT AFTER LIFE 
TEST AT 125 C AND RATED VOLTAGE FOR 
TYPE 43JW108EOSOKOA 
IMPEDANCE WITH FREQUENCY AT VARIOUS 
TEMPERATURES FO TYPE 43JW177A100KOA 
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OUTLINE DRAWING AND DIMENSIONS 


OVER COVER L 
1.305 = .062 
A= 1.062 

ae ' 
9 =2000 6: 1875 

E=2.500 
t H=2 2.250 
.720 2.031 - J= 2.625 
OVER COVER K= 3.000 
| L= 3.375 
M= 3.750 


| a 
062 X .125 {7 - .062X% 125 


OBLONG HOLE 2e1+.031 C OBLONG HOLE 
L+.062 
_ + 062 . a |.000 7 


1276 2015~ .690 + 062 
OVER CAN 4015 
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DESCRIPTION FEATURES 


Philips Components 40LW Type Tantalum Capa- % TUBULAR—POLAR 

citors are uniquely designed. These capacitors , +1yoTROPIC ELECTROLYTE 
offer extreme savings in both weight and space 

as compared with the conventional flange type SINTERED ANODE 


construction. Savings up to 30% in weight and 
0% in volume are available. = TANTALUM CAPACITOR 


Philips Components research and development wm» 85°C—125°C WITH DERATING 
— facilities, coupled with years of manufacturing 

experience, have resulted in these advantages, #ELASTOMER SEAL 

together with extremely low leakage current. These 

capacitors are normally supplied with an insulated 
case, without additional cost, for added protection 
in compact circuits. 


WARNING 
NON-SOLID ELECTROLYTIC CAPACITORS MAY CONTAIN CHEMI- 


CALS WHICH CAN BE REGARDED AS HAZARDOUS IF HANDLED 
INCORRECTLY. CAUTION IS NECESSARY IF THE OUTER CASE IS 
FRACTURED. 
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SERIES 40LW 


Industrial Type Tantalum Capacitors 


Voltage Rating 
85°C 125°C 

6 4 

8 5 
10 ra 
15 10 
25 15 
30 20 
50 30 
60 40 
fee) 50 
100 70 
Vine 85 


OPERATING TEMPERATURE RANGE 
Philips Components 40LW Type Tantalum Capacitors are designed to 
operate over a temperature range of —55°C to +85°C without derating. 


DC WORKING VOLTAGE 
The de working voltage is the maximum operating voltage for con- 
tinuous duty at the rated temperature. 


SURGE VOLTAGE 
The surge dc rating is the maximum voltage to which the capacitors 
should be subjected under any conditions. This includes transients and 


peak ripple at the highest line voltage. The surge voltage of all 40LW 


Type Tantalum Capacitors is 115% of rated dc working voltage. 

The capacitors shall withstand the surge test voltage applied through 
a 1000 ohm +10% resistor in series with the capacitor and voltage source 
at the rate of ’% minute on, 5% minutes off, for 1000 successive test 
cycles at 85°C. 

Following the surge test the capacitance at 25°C shall not have changed 
by more than +10%, the equivalent series resistance will not exceed the 
value shown in the tables for each capacitor, and the leakage current will 


LIFE TEST : 
Capacitors are capable of withstanding a 2000 hour life test at a 
temperature of 85°C at rated dc working voltage. 
After the life test, the leakage current shall not be in excess of the 
original requirement, the equivalent series resistance shall not be more 
than 130% of the initial requirement, and the capacitance value shall 


‘not have increased by more than 25% or decreased by more than 15% 


from the initial value. 
Not more than 1 failure shall be permitted in 12 units tested. 


LOW FREQUENCY VIBRATION 

Capacitors shall withstand a simple harmonic motion having an ampli- 
tude of 0.03” (max. total excusrion 0.06") with the frequency being varied 
uniformly between the approximate limits of 10 to 55 Hz and ratings to 
be transversed in approximately 1 minute for a total of 1% hours. 

After vibration test, capacitors shall meet the original requirements for 
capacitance tolerance, equivalent series resistance, and leakage current. 


HIGH FREQUENCY VIBRATION 

Capacitors shall withstand vibration from 10 to 2000 Hz at 15g without 
internal damage. Electrical measurements made while under these con- 
ditions shall show no intermittent open or short circuit. 

Capacitors shall be securely fastened by means of suitable component 
clips or brackets. 


PULL TEST 
Leads shall withstand a tensile stress of 3 Ibs. for 30 seconds 
applied axially. 


LEAD BEND TEST 
Leads shall meet the bend test described in MIL-C-39006. 


MOISTURE RESISTANCE 
Capacitors shall withstand the moisture resistance cycling test speci- 
fied in MIL Standard 202C, method 106A, without departure from the 


not exceed the requirements of paragraph 7. Not more than 1 failure for original limits of capacitance, equivalent series resistance, and leakage 


any of the above reasons shall be allowed for any 12 samples tested. 


CAPACITANCE 

Capacitance measurements shall be made at or referred to 120 Hz 
and a temperature of +25°C. 

The capacitance of all capacitors shall be within the specified tolerance 
limits of the nominal rating. 


CAPACITANCE CHANGE WITH TEMPERATURE 
Capacitance change with temperature shall not exceed the limits 
given in the tables for each capacitor. 


DISSIPATION FACTOR 

Measurements shall be made by the bridge method at or referred to a 
frequency of 120 Hz at a temperature of +25°C. 

The Dissipation Factor shall not exceed the maximum value in percent 
listed in the tables for each capacitor. 


LEAKAGE CURRENT 

Measurements shall be made at rated working voltage with an appli- 
cation of a steady source of power, such as a regulated power supply 
with a 1000 ohm resistance to limit the charging current, connected in 
series with each capacitor under test. Rated working voltage shall be 
applied to capacitors for 5 mintues before making leakage current 
measurements. 

The maximum leakage current for any capacitor shall not exceed the 
maximum value in microamperes listed in the tables. 


LOW TEMPERATURE IMPEDANCE 


The impedance of any capacitor, at —55°C and 120 Hz, shall not 
exceed the values given in the tables for each capacitor. 
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Current. 


SHELF TEST 

Capacitors shall withstand a 2000 hour shelf test at 125°C with no 
voltage applied. 

Following the shelf test, the capacitance shall not have changed by 
more than +10% from the initial value and the leakage current and equiva- 
lent series resistance shall not exceed the values given in the tables for 
each capacitor. 


THERMAL SHOCK AND IMMERSION 

Capacitors shall withstand the thermal shock and immersion tests 
specified in MIL Standard 202C, method 107, test condition B, except that 
the low temperature shall be —55°C and method 104A, test condition 
B, respectively, without departure from the original limits for capacitance, 
equivalent series resistance, and leakage current. 


REDUCED PRESSURE 

Capacitors shall be stabilized at a reduced atmospheric pressure of 
1.69X10~' Torr. for a period of 5 minutes. Rated dc voltage shall be 
applied for 1 minute. Capacitors shall not flash over nor shall end seals 
be damaged by this test nor should the capacitors be electrically effected 
insofar as capacitance, equivalent series resistance, or leakage current 
is concerned. 


MARKING 

Capacitors will be marked with Philips Component part marking type 
LW rated capacitance and tolerance, rated DC voltage and date code 
where space permits. 
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APPLICATION NOTES 


120 CYCLE RIPPLE VOLTAGE 

Capacitors in case size A will withstand the ripple current heating 
effects equivalent to 40 ma RMS at 120 Hz. Capacitors in case size B 
will withstand the ripple current heating effects equivalent to 200 ma RMS 
at 120 Hz. Capacitors in case size C will withstand the ripple current 
heating effects equivalent to 400 ma RMS at 120 Hz. Capacitors in case 
D and E will withstand the ripple current heating effects equivalent to 
550 ma RMS at 120 Hzin operation, the peak voltage across the capacitor 
(dc working voltage plus peak ripple voltage) must not exceed the rated 
working voltage of the capacitor. The dc component of the applied 
voltage should be sufficiently large to prevent polarity reversal because of 
the ac component. 


STORAGE LIFE 
A storage life of ten years or more, with no voltage at room temperature, 
may be expected. 


USE OF INDUSTRIAL SOLVENTS FOR CLEANING APPLICATIONS 

The use of isopropyl alcohol is recommended for cleaning applications. 
Before using any other solvent, please consult the Philips Components 
Engineering Department. 
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SERIES 40LW 


Industrial Type Tantalum Capacitors 


al 
R) 
= 
I 
S 
3 
©) 
3 
: 
S 
7) 


SERIES 40LW 


Industrial Type Tantalum Capacitors 


IMPEDANCE, CAPACITANCE AND EQUIVALENT SERIES IMPEDANCE. WITH FREQUENCY AT VARIOUS TEMPERATURES 
RESISTANCE WITH TEMPERATURE FOR 40LW TYPE FOR 40 LW TYPE 140uF, 4 VOLT CAPACITORS 
140uF, 4 VOLT CAPACITORS 
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IMPEDANCE, CAPACITANCE AND EQUIVALENT SERIES 
RESISTANCE WITH TEMPERATURE FOR 40 W TYPE 
11uF, 70 VOLT CAPACITORS 
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IMPEDANCE, WITH FREQUENCY AT VARIOUS TEMPERATURES 
FOR 40 LW TYPE 11uF, 70 VOLT CAPACITORS 
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SERIES 40LW 


Industrial Type Tantalum Capacitors 


PART NUMBER SYSTEM 
0 L W = =255 


EXAMPLE - “ff 
C INDUSTRIAL 
O = UNSLEEVED 
1 = SLEEVED 


CAPACITANCE TOLERANCE 
J=+5% K=2+10% M>=+20% 


VOLTAGE RATING @ 85°C 


CASE SIZE 


TANTALUM CAPACITOR 


OUTLINE DRAWING AND DIMENSIONS 


CAPACITANCE IN PICOFARADS on" 

First two digits are significant figures. 3 

Third digit number of zeros to follow: eh 

255 = 2.5 uF “J 

256 = 25 uF e 

WET ELECTROLYTE = 
SERIES © 
AXIAL LEAD 2 
g. 

Sh 

S 

w 


WELD 


L 
D/2 
+.031 
(+.031) c 


.025+.002 


Dimensions—Inches (mm) 
Approximate 
(Grams) 
Uninsulated insulated 


453 (11.51) .188 (4.78) 219 (5.56) 1.500 (38.10) 
641 N6. 28) .281 (7.14) 312 ( 7:92) 2.250 (57.15) 
.166 (19.46) 375 (9.53) 406 (10.31) 2.250 (57.15) 
1.062 (26.98) 375 (9.53) 406 (10.31) 2.250 (57.15) 


*For insulated style, the nonshrinkable sleeving extends .016 inch minimum, .062 inch maximum beyond each end of the case; shrinkable sleeving 
laps over the ends of the case. 
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SERIES 40LW 


Industrial Type Tantalum Capacitors 


Max uA Max. Capacitance 
DC Leakage Change in Percent Part Number 
as°6 id 
2.0 2.0 


40LW306A006K1A 
40LW686A006K1A 
40LW147BO06K1A 
40LW277BO06K1A 
40LW337CO06K1A 
40LW567CO06K1A 
40LW128D006K1A 


Max. © 
Impedance 
at —55°C 
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40LW256A008K1A 
40LW566A008K1A 
40LW127BO008K1A 
40LW227B008K1A 
40LW297C008K1A 
40LW437C008K1A 
40LW857D008K1A 
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40LW206A010K1A 
40LW476A010K1A 
40LW107B010K1A 
40LW187B010K1A 
40LW257C010K1A 
40LW397C010K1A 
40LW757D010K1A 
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ooo coo So 


40LW156A015K1A 
40LW336A015K1A 
40LW706B015K1A 
40LW127B015K1A 
40LW177CO15K1A 
40LW277C015K1A 
40LW547D015K1A 
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Ie SS 
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40LW106A025K1A 
40LW226A025K1A 
40LW107B025K1A 
40LW187C025K1A 
40LW357D025K1A 
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SERIES 40LW 


Industrial Type Tantalum Capacitors 


Impedance DC Leakage Change in Percent Part Number 
2 2 40LW805A030K1A 
40LW156A030K1A 
40LW406B030K1A 
40LW686BO030K1A 
40LW107CO30K1A 
40LW157CO30K1A 
40LW307D030K1A 
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40LW505A050K1A 
40LW106A050K1A 
40LW256B050K1A 
40LW476BO050K1A 
40LW606COSOK1A 
40LW826C050K1A 
40LW167D050K1A 
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40LW405A060K1A 
40LW825A060K1A 
40LW206B060K1A 
40LW396BO60K1A 
40LWS06CO60K1A 
40LW686CO60K1A 
40LW147D060K1A 
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40LW355A075K1A 
40LW685A075K1A 
40LW156B075K1A 
40LW336B075K1A 
40LW406C075K1A 
40LW566C075K1A 
40LW117D075K1A 


A 
A 
B 
B 
C 
C 
D 


40LW255A100K1A 
40LW475A100K1A 
40LW116B100K1A 
40LW226B100K1A 
40LW306C100K1A 
40LW436C100K1A 
40LW866D100K1A 
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40LW175A125K1A 
40LW365A125K1A 
40LW905B125K1A 
40LW146B125K1A 
40LW186C125K1A 
AOLW256C125K1A 
40LW566D125K1A 
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SERIES 40SW 


Tantalum-To-Glass Hermetic Seal 
Tantalum Capacitor 
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DESCRIPTION FEATURES 
Philips Components 40SW type tantalum capaci- = TANTALUM-TO-GLASS SEAL 
tors offer the “leak-proof” integrity of a tantalum- 
to-glass hermetic seal. This construction assures = THIXOTROPIC ELECTROLYTE 
operational capability in space or deep ocean- 
ographic environments where dependability is # SINTERED ANODE 
required for tens of thousands of storage or 
operating hours. A product of Philips Components Peg ge 
research and development, the 40SW type meets = POLAR 


or exceeds the requirements of Mil-C-39006. 
Available in four case sizes with operation to 125°C. 


WARNING 
NON-SOLID ELECTROLYTIC CAPACITORS MAY CONTAIN CHEMI- 


CALS WHICH CAN BE REGARDED AS HAZARDOUS IF HANDLED 


INCORRECTLY. CAUTION IS NECESSARY IF THE OUTER CASE IS 
FRACTURED. 
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SERIES 40SW 


Industrial Type Tantalum Capacitors 


TANTALUM-TO-GLASS HERMETIC SEAL .- 


CONSTRUCTION. The 40SW type uses the time proven 
patented construction of the 40 LW type enclosed in a silver case to 
provide ruggedness and then hermetically sealed using tantalum- 
to-glass seals. 


OPERATING TEMPERATURE RANGE. The 40SW type is 
processed and constructed to withstand continuous operation at 
rated voltage from -55 C C to +85 C, and with proper derating, to 
125 C. See Table 1. 


D.C. WORKING VOLTAGE. The D.C. working voltage is the 
maximum operating voltage for continuous duty at the rated 
temperature. See Table 1. 


SURGE VOLTAGE. The surge voltage is the maximum voltage 
capacitors can withstand for short duration under any conditions. 
This includes transients and peak ripple at the highest line voltage. 
See Table 1. 


TABLE | 
Operating Surge Operating Operating Surge 
55Cto85C -55Cto85C 85 C to 125 C 125 C 125 C 
6 6.9 Linear derating 4 4.6 
8 9.2 applies from 85 C 2 out 
10 115 operating voltage 7 8.0 
aks 17.2 shown to 125 C 10 1136 
20 23.0 operating voltage 13 195.0 
20 28.8 shown. 16 le” 
30 34.5 20 23.0 
Cie! 40.2 24 28.0 
50 pr. 30 34.5 
60 69.0 40 46.0 
To 86.2 50 Sia 
100 115 70 80.5 
125 144 85 97.5 


CAPACITANCE. Capacitance measurements shall be made at 
120 Hz with 1.0 VRMS max. and 2.2 VDC max. applied at a 
temperature of 25 C. 


CAPACITANCE TOLERANCE. 40SW type capacitors are avail- 
able in 20%, +10% and +5% tolerance. 


DISSIPATION FACTOR. Measurements shall be made by the 
bridge method at a frequency of 120 Hz with 1.0 VRMS max. and 
2.2 VDC max. applied at a temperature of 25°C. Values shall not 
exceed those shown for each rating shown in table. 


LEAKAGE CURRENT. Measurements shall be made at rated 
working voltage at 25°C +5 with an application of a steady source 
of power, such as a regulated power supply with a 1000 ohm 
resistance to limit the charging current, connected in series with 
each capacitor under test. Rated working voltage shall be applied to 
capacitors for 5 minutes before making leakage current 
measurements. 


IMPEDANCE. The impedance of any capacitor, at -55°C and 
-120 Hz, shall not exceed the values given in the table for each 
capacitor. 


HIGH FREQUENCY VIBRATION. Capacitors shall withstand 
vibration from 10 to 2000 cycles at 20g without internal damage. 
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FOR 125°C APPLICATIONS 


Electrical measurements made while under these conditions shall 
show no intermittent open or short circuit. 

Capacitors shall be securely fastened by means of suitable 
component clips or brackets. 


LEAD PULL AND BEND TEST. Leads shall withstand a tensile 
stress of 3 pounds applied axially for 30 seconds. Leads shall meet 
the bend test requirement of Mil-C-39006. 


MOISTURE RESISTANCE. Capacitors shall withstand the 
moisture resistance cycling test specified in MIL Standard 202C, 
Method 106A, without departure from the original limits of capaci- 
tance, equivalent series resistance and leakage current. 


SHELF TEST. Capacitors shall withstand a 2000 hour shelf test 
at 125 C with no voltage applied. 

Following the shelf test, the capacitance shall not have changed 
by more than +5% from the initial value and the leakage current and 
equivalent series resistance shall not exceed the values given in the 
table for each capacitor. 


THERMAL SHOCK AND IMMERSION. Capacitors shall with- 
stand the thermal shock immersion tests specified in MIL Standard 
202C, Method 107, test condition B, except that the low tempera- 
ture shall be -55°C and Method 104A, test condition B, respectively, 
without departure from the original limits for capacitance, equivalent 
series resistance and leakage current. 


REDUCED PRESSURE. Capacitors shall be stabilized at a 
reduced atmospheric pressure of 1.69 X 10°' Torr. for a period of 5 
minutes. Rated dc voltage shall be applied for 1 minute. Capacitors 
shall not flash over nor shall end seals be damaged by this test nor 
should the capacitors be electrically effected insofar as capaci- 
tance, equivalent series resistance, or leakage current is 
concerned. 


SEAL TEST. Capacitors shall withstand 5 temperature altitude 
cycles without showing evidence of electrolyte leakage when 
checked with electrolyte indicating thymol blue dye. Each cycle 
shall consist of a 60 minute exposure at -55°C with the last 30 
minutes at 1.69 X 10°! Torr. and a 60 minute exposure to +125°C 
with the last 30 minutes at 1.69 X 10°! Torr. 


MARKING 

Capacitors will be marked with Philips Components part marking Type 
SW, rated capacitance and tolerance, rated dc voltage and date code 
where space permits. 


APPLICATION NOTES 


The 40 SW type exceeds the requirements of MIL-C-39006 
and can be used as direct replacement for these types where Mil 
Spec QPL product is NOT required. 


The 40SW type utilizes the basic time proven integral seal of the 40LW 
tantalum capacitors covered by a hermetic tantalum-to-glass seal. This 
will enable the 40SW type to operate under extreme conditions of altitude 
(150,000 ft.) or pressure (26,000 Ibs./IN) without seal damage or evidence 
of electrolyte leakage. 


CONSULT THE PHILIPS COMPONENTS SALES DEPARTMENT FOR 
ENGINEERING ASSISTANCE ON THE FOLLOWING: 


NON STANDARD RATINGS. Ratings and electrical limits other than 
those shown in the tables are available on special request. 


EXTREME TEMPERATURES. Under special conditions the 40SW 


type may be operated or stored at temperatures exceeding the specified 
range. 
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SERIES 40SW 


Industrial Type Tantalum Capacitors 


TANTALUM-TO-GLASS HERMETIC SEAL « FOR 125°C APPLICATIONS 


PART NUMBER SYSTEM 


EXAMPLE 4 0 S W Zen A 070 K 1 


A 
3 INDUSTRIAL 


O = UNSLEEVED 
1 = SLEEVED 


CAPACITANCE TOLERANCE 
J=+5% K=+10% M=+20% 


VOLTAGE RATING @ 85 C 
CASE SIZE 
CAPACITANCE IN PICOFARADS 


First two digits are significant figures. 
Third digit number of zeros to follow. 


255 = 2.5 uF 
256 = 25 uF 
WET ELECTROLYTE 
SERIES 
AXIAL LEAD 


TANTALUM CAPACITOR 


D/2 L WELD 
(+.031) 
E 
-025+.002 


CASE 
CIRCUIT DIAGRAM 


DIMENSIONS FOR 40SW TYPE—INCHES (mm) 
Approximate 
Case D=+-0.016 L + 0.031(0.79) E +0.25 Weight 
Size (+0.41) L —0.016 (0.41) (+6.35) (Grams) 


A 0.188 (4.8) 0.453 (11.5) 0.219 ( 5.6) 0.515 (13.1) 0.025 (0.64) 1.50 (38.10) 1.2 GRAM 
B 0.281 (7.1) 0.641 (16.3) 0.313 ( 7.9) 0.703 (17.8) 0.025 (0.64) 2.25 (57.15) 3.1 GRAM 
C 0.375 (9.5) 0.766 (19.5) 0.406 (10.3) 0.828 (21.0) 0.025 (0.64) | 2.25 (57.15) 9.8 GRAM 
D 0.375 (9.5) 1.062 (27.0) 0.406 (10.3) 1.124 (28.6) 0.025 (0.64) 2.29 (97.19) 9.0 GRAM 
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SERIES 40SW 


Industrial Type Tantalum Capacitors | 


Impedance DC Leakage Change in Percent Part Number 


2.0 40SW306A006K1A 
40SW686A006K1A 
40SW147BO06K1A 
40SW277BO006K1A 
40SW377CO06K1A 
40SW567CO06K1A 
40SW128D006K1A 
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40SW256A008K1A 
40SW566A008K1A 
40SW227B008K1A 
40SW437C008K1A 
40SW857D008K1A 
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40SW206A010K1A 
40SW476A010K1A | 
40SW107B010K1A 
40SW187B010K1A 
40SW257C010K1A 
40SW397C010K1A 
40SW757D010K1A 
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40SW156A015K1A 
40SW336A015K1A 
40SW706B015K1A 
40SW127B015K1A 
40SW177C015K1A 
40SW277C015K1A 
40SW547D015K1A 
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40SW106A025K1A 
40SW226A025K1A 
40SW107B025K1A 
40SW187C025K1A 
40SW357D025K1A 
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40SW805A030K1A 
40SW156A030K1A 
40SW406B030K1A 
40SW686B030K1A 
40SW107C030K1A 
40SW157CO30K1A 
40SW307D030K1A 
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SERIES 40SW 


Industrial Type Tantalum Capacitors 


Max uA Max. Capacitance 
DC Leakage Change in Percent 


+25°C | +85°C 55°C +85°C | +125°C 
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Part Number 
+10% 


40SW505A050K1A 
40SW106A050K1A 
40SW256BO050K1A 
40SW476B050K1A 
40SW606CO5SOK1A 
40SW826C050K1A 
40SW167D050K1A 


40SW405A060K1A 
40SW825A060K1A 
40SW206B060K1A 
40SW396B060K1A 
40SW5S06CO60K1A 
40SW686CO60K1A 
40SW147D050K1A 


40SW355A075K1A 
40SW685A075K1A 
40SW156B075K1A 
40SW336B075K1A 
40SW406C075K1A 
40SW566C075K1A 
40SW117D075K1A 


40SW255A100K1A 
40SW475A100K1A 
40SW116B100K1A 
40SW226B100K1A 
40SW306C100K1A 
40SW436C100K1A 
40SW866D100K1A 


40SW175A125K1A 
40SW365A125K1A 
40SW905B125K1A 
40SW146B125K1A 
40SW186C125K1A 
40SW256C125K1A 
40SW566D125K1A 
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SERIES 40TW 


Tantalum Case Hermetically Sealed 


Tubular Tantalum Wet-Slug Capacitor 


—55°C to 200°C 1.7 to 1200 uF 
-125 Volts DC 


DESCRIPTION 


The 40TW capacitor is an all tantalum cased 
high reliability porous anode type with a glass to 
tantalum hermetic seal. This type capacitor is 
primarily suited for military and aerospace appli- 


cation. This capacitor meets or exceeds all 
requirements of MIL-C-39006/22. 


These capacitors are ideal for such functions as 
filtering, by-passing, coupling and timing in appli- 
cations where minimum size and weight conditions 
must be achieved and reverse voltage up to 
3VDC, or high ripple currents, are required. 


GLASS-TO-TANTALUM SEAL 


The glass-to-tantalum seal is one unique feature 
of the 40TW Series. This seal differs from other 
hermetic seals in that it is a tantalum feed-through 
seal. This construction .provides a true glass- 
to-tantlum seal. 


WARNING 
NON-SOLID ELECTROLYTIC CAPACITORS MAY CONTAIN CHEMI- 


CALS WHICH CAN BE REGARDED AS HAZARDOUS IF HANDLED 
INCORRECTLY. CAUTION IS NECESSARY IF THE OUTER CASE IS 
FRACTURED. 
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TANTALUM CASE 


Use of a tantalum case and tantalum powder 
cathode permits 3VDC reverse capability without 
harm; and the sintered powder cathode allows 


higher vibration and shock levels than compar- 
able silver cased devices. 


FEATURES 


@ Ail tantalum construction 
= Reverse voltage capability of 3VDC 


B High ripple current 
@ Long life 
@ Derated for 200°C operation 


341 


ant 
mg 
= 
~ 
Is 
3 
C) 
> 
: 
g 
) 


wal 
& 
| 
~I 
= 
3 
C) 
- 
a 
= 
a 


SERIES 40TW 


Industrial Type Tantalum Capacitors 


DIMENSIONS 
OUTLINE DRAWING 


No. 21 Awg. solderable 
leads 


0.250" max. 


FIG. 1 UNINSULATED 


Catalog Number « 


40TW306A006KIA 
AQTW686A006KIA 
40TW147BO06KIA 
40TW277BO06KIA 
40TW337CO06KIA 
40TW567CO06KIA 
40TW128D006KIA 


A0TW256A008KIA 
A0TWS66A008KIA 
40TW127B008KIA 
40TW227B008KIA 
40TW297CO08KIA 
40TW437C008KIA 
40TW857D008KIA 


40TW206A01 0KIA 
40TW476A010KIA 
40TW107BO10KIA 
40TW187B010KIA 
40TW257C010KIA 
40TW397CO10KIA 
40TW757D010KIA 


40TW156A015KIA 
40TW336A015KIA 
40TW706B015KIA 
40TW127BO15KIA 
4OTW177CO15KIA 
40TW277C015KIA 
40TW547D015KIA 


40TW106A025KIA 
40TW226A025KIA 
40TWSO6B025KIA 
40TW107B025KIA 
40TW127CO25KIA 
40TW187C025KIA 
40TW357D025KIA 


* 0.031" 


No. 21 Awg. solderable 


leads 


FIG.2 INSULATED 


Impedance 
—55°C 
and 120 Hz 


Max. D-C 
Leakage Current 


at 
25°C 
(A) 


OUTLINE DIMENSIONS 


Case Code 


Type MIL 
40TW Equiv. 


A 
B 
C 
D 


Dimensions — Inches (mm) 


Basic Insulated 
case case 
x D 
.016 (.41) 


.219( 5.56) } 1.500 (38.10) 
324 7.92)12.250 (57.15) 
406 (10.31) ] 2.250 (57.15) 
406 (10.31) $2.250 (57.15) 


031 (.79) 
016 (.41) 


453 (11.51) 
.641 (16.28) 
.766 (19.46) 
1.062 (26.97) 


.188 (4.78) 
281 (7.14) 
15 (9.53) 
375 (9.53) 


.250 (6.35) 


E d 


.002 (.05) 


025 (.64) 
025 (.64) 
025 (.64) 
.025 (.64) 


*Length of basic case; sleeving shall lap over the ends of the capacitor body. Non-shrinkabl 
sleeving extends .016 inch minimum, .062 inch maximum beyond each end of the case. 


STANDARD RATINGS 


at 85°C 
& 125°C 
(A) 


Maximum 
Capacitance Change 
in Percent at 


Max. RMS 
Ripple Current 
At 40 KHz 


jp =seec | asc | +1z5ec | ima 
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SERIES 40TW 


Industrial Type Tantalum Capacitors 


: Maximum 
Impedance Capacitance Change 
at —55°C in Percent at 
and 120 Hz At 40 KHz 
Catalog Number * (Q) (mA) 


40TW805A030KIA 
4A0TWIS6A030KIA 
40TW406B030KIA 
40TW686B030KIA 
4A0TW107CO30KIA 
40TW157CO30KIA 
40TW307D030KIA 


AQ0TWSOSADSOKIA 
40TW106A050KIA 
40TW256B050KIA 
40TW476B050KIA 
4A0TW606COSOKIA 
A0TW826COSOKIA 
40TW167D050KIA 


A0TW405A060K IA 
A0TW825A060KIA 
40TW206B060KIA 
40TW396B060KIA 
40TWSO06CO6OKIA 
4A0TW686COB0KIA 
40TW147D060KIA 


ent 
& 
= 
~ 
iS 
3 
C) 
- 
: 
S 
~” 


A0TW355A075KIA 
40TW685A07 SKIA 
40TW156B075KIA 
40TW336B075KIA 
40TW406C075KIA 
40TW566C075KIA 
40TW117D075KIA 


40TW255A100KIA 
40TW475A1 00KIA 
40TW116B100KIA 
40TW226B100KIA 
AOTW306C100KIA 
40TW436C100KIA 
40TW866D100KIA 


AOTW175A125KIA 
A0TW365A125KIA 
40TW905B125KIA 
40TW146B125KIA 
40TW186C125KIA 
40TW256C125KIA 
40TW566D125KIA 


*Catalog numbers listed are for +10% capacitance tolerance and are for insulated capacitors. 
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SERIES 40TW 


Industrial Type Tantalum Capacitors 


PERFORMANCE CHARACTERISTICS 


1. Operating Temperature Range. These capacitors are 
designed to operate over a temperature range of - 55°C 
to +125°C/200°C at the appropriate voltage rating given 
in Para. 17. 


2. DC Working Voltage. The dc working voltage is the 
maximum operating voltage for continuous duty at the 
rated temperature. 


Up to 85°C 125°C 175°C 200°C 

6 4 * * 

8 5 * * 
10 7 % . 
15 10 . = 
25 15 7 . 
30 20 P, * 
50 30 x * 
60 40 - - 
15 50 . . 
100 65 . . 
125 85 * - 


“Ref. Paragraph 17 for the derating percentages and the 
associated life test. 


3. DC Leakage Current. Measurements shall be made at 
the applicable rated working voltage at 25°C +5°C 
through application of asteady source of power, suchas a 
regulated power supply. A current limiting resistor of 
1000 ohms shall be connected in series with each ca- 
pacitor under test. Rated DC working voltage shall be 
applied for a maximum period of 5 minutes before mak- 
ing leaking current measurements. 


3.1 The maximum leakage current values are as listed 
in the standard ratings table. 


4. Capacitance and Tolerance. The capacitance of all 
capacitors shall be within the specified tolerance limits of 
the nominal rating. 


4.1 Measurements shall be made by the bridge method 
at or referred to a frequency of 120 Hz at a temperature 
of +25°C. The maximum voltage applied to the ca- 
pacitors during measurements shall be 1 volt rms. Mea- 
surement accuracy of the bridge shall be within ‘2%. 


9. Dissipation Factor. Measurements are made with a 
polarized capacitance bridge at a frequency of 120 Hz at 
a temperature of +25°C. 


6. Capacitance Change with Temperature. Capacitance. 
change with temperature shall not exceed the limits 
given in the standard ratings table. 


7. Low Temperature Impedance. The impedance of any 
capacitor at —55°C at 120 Hz shall not exceed the 
values given in the standard ratings table. 


8. Mechanical Shock. Capacitors shall withstand a shock 
of 100g when tested in accordance with method 213 of 
Military Standard MIL-STD-202, test condition |. 


8.1 Following the shock test, capacitors shall be ex- 
amined for evidence of mechanical damage and leakage 
of electrolyte. 


9. High Frequency Vibration. Capacitors shall withstand 
vibration from 10 to 2000 Hz at 20g without internal 
damage when tested in accordance with Military Standard 
MIL-STD-202, method 204, test condition D. Electrical 
measurements made while under these conditions shall 
show no intermittent contacts or open or short circuiting. 


9.1 Following the vibration test, the dc leakage current 
shall not exceed 125% of the original requirement; the 
Capacitance shall change not more than 5% from the 
initial measured value and the DF shall not exceed 115% 
of initial requirement. 


9.2 In addition, there shall be no evidence of mechanical 
damage, obliteration of marking, or leakage of electrolyte. 


10. Pull Test. Leads shall withstand a tensile stress of 3 
los. for 30 seconds applied axially in accordance with 
MIL-STD-202, method 211 test condition A. 


11. Lead Bend Test. Leads shall meet the bend test 
specified in MIL-STD-202, method 211 test condition 
C except that the number of bends shall be 4. 


12. Surge Voltage. The surge voltage rating is the max- 
imum voltage to which the capacitors shall be subjected 
under any conditions. This includes transients and peak 
ripple at the highest line voltage. The surge voltage of 
these capacitors is 115% of rated dc working voltage. 


12.1 The capacitors shall withstand the surge voltage 
applied through a 1000 ohm +10% resistor in series 
with the capacitor and voltage source at the rate of % 
minute on, 4% minutes off, for 1000 successive test 
cycles at 85°C. 


12.2 Following the surge voltage test, there shall be no 
intermittent contacts, open or short circuiting, mechan- 
ical damage, or leakage of electrolyte. 


13. Moisture Resistance. Capacitors shall be subjected 
to the moisture resistance cycling test specified in MIL- 
STD-202, method 106. . 
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SERIES 40TW 


Industrial Type Tantalum Capacitors 


PERFORMANCE CHARACTERISTICS 


13.1 Following the moisture resistance test, the dc leak- 
age current shall not exceed 125% of the original require- 
ment; the capacitance shall change not more than +8% 
from the initial measured value and the DF shall not ex- 
ceed 115% of initial requirement. 


14. Seal Test. Capacitors shall be tested in accordance 
with MIL-STD-202, method 112, test condition C, proce- 
dure Illa, 10° atm cc/sec followed by test condition A. 


15. Reverse Voltage Test. Capacitors shall be subjected 
to adc potential of 3 volts, applied in the reverse polarity 
direction, for 125 =10 hours. The. ambient temperature 
during the test shall be +85°C. Capacitors shall be main- 
tained at +85°C and dc rated voltage shall be applied in 
the forward direction for an additional period of 125 +10 
hours. 


15.1 Following the reverse voltage testing, the dc leak- 
age current shall not exceed 125% of the original re- 
quirement; the capacitance shall be within the initial 
value specified and the DF shall not exceed the original 
requirements. 


16. Ripple Life Test at + 85°C .Capacitors shal! be tested 
in accordance with Military Specification MIL-C-39006. 
a. Operating Conditions. This test shall be run at a fre- 
quency of 40 KHz = 2 KHz and at the rms ripple cur- 
rent levels specified in the standard ratings table. 
b. Applied dc voltage plus the peak a-c voltage shall 
not exceed the rated voltage of the capacitor. 


16.1 When tested as specified above, capacitors shall 
meet the following requirements: a. The dc leakage cur- 
rent at +25°C and at +85°C shall not exceed the 
original requirements. b. The capacitance shall not change 
more than +10% from the initial measured value. c. The 
DF shall not exceed the original requirements. d. Visual 
examination. There shall be no damage, obliteration of 
marking, or leakage of electrolyte. 


17. Life Test. Capacitors are capable of withstanding life 
test at the following conditions: 


Temperature Hrs. % Rated Voitage 
FEOlG 2000 100* 
+125°G 2000 100% 
+4/500 2000 50 
+1 7S 300 65 
+ 2OOrC 300 60 


*Refer to the standard ratings table. 


17.1 After life test and for those tested at +85 and/or 
+125°C, the capacitors shall be returned to +25°C +5°C. 
The dc leakage current, measured at +25°C, +85 and/or 
+ 125°C, shall not exceed the initial requirement; the DF 
shall not exceed the initial requirement; and the capaci- 
tance value shall not change more than 10% from the 
initial measurement. 


17.2 After life test and for those tested at +175°C and 
+200°C, the capacitor shall be returned to +25°C £5°C. 
The dc leakage current at the rated voltage shall not ex- 
ceed 200% of the original requirement or £10 ua, which- 
ever is greater; the DF shall not be greater than 200% 
of the original requirement; and the capacitance value 
shall not increase by more than 10% or decrease by more 
than 20% from the initial requirement. 


17.3 Not more than 1 failure shall be permitted in 12 
units tested. 


18. Barometric Pressure (reduced). Capacitors shall be 
tested in accordance with MIL-STD-202, method 105, 
test condition E. Rated dc voltage shall be applied for 1 
minute +5 seconds. 


18.1 Following Barometric Pressure test, capacitors 
shall be visually examined for harmful deformation of the 
case, mechanical damage, obliteration of marking, leak- 
age of electrolyte and indications of flashover and break- 
down. 


19. Thermal Shock. Capacitors shall be subjected to 300 
cycles in accordance with MIL-STD-202, method 107 
and MIL-C-39006. 


19.1 Following the thermal shock test, dc leakage current 
shall not exceed 200% of the initial requirement, ca- 
pacitance shall not have changed more than +5% from 
initial measured value and DF shall not exceed 115% 
of initial specified value. 


20. Marking. Capacitors shall be marked with Philips Compo- 
nents part marking number (TW), rated capacitance and toler- | 


ance, rated de working voltage and the standard Eia Date code 
of manufacture 


21. Polarity. Polarity shall be indicated by plus (+) signs 
adjacent to the positive terminal. 


22. Insulation. When an insulated device is required, the 
insulating material will be KAPTON. 
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SERIES 40TW 


Industrial Type Tantalum Capacitors 


RIPPLE CURRENT MULTIPLIERS VS. FREQUENCY, 
TEMPERATURE & APPLIED PEAK VOLTAGE 


1 At 125°C the rated voltage of the capacitors decreases to 66-2/3% of the 85°C rated voltage. 


2. The peak of the applied ac rippie voltage plus the applied dc voltage must not exceed the dc voltage rating of the capatitor either forward or reverse. 

3. The ripple current listed in table | represents a rating calculated using a maximum internal temperature rise (AT) of 50°C at 40 kHz at 85°C ambient with a maximum peak rated voltage of 66-2/3°o of the 
85°C peak voltage rating. 

4. The maximum allowable internal temperature rise (AT) decreases linearly to a calculated 10°C rise at 125°C ambient. 

9. The internal temperature rise is directly proprotional to the ESR of the capacitor. and ESR increases with decreasing frequency. 


Frequency of 
applied 
ripple current 


Ambient 
still 
air 


So 
@ 
nr 
= 
cs 
fe} 
ve) 
Se 
‘S| 


eB) 
pore) 
ig 
prio) 
oO 
> 
x= 
oO 
o 
[eis 


TYPICAL CURVES 


Impedance 

A. Impedance in ohms at 25°C may be read directly from 
Curve 1. 

B. To obtain impedance at temperatures other than 25°C, 
multiply the impedance from Curve 1 by a correction factor 
from Curve 2, 3, or 4. 


IMPEDANCE FOR TANTALUM WET SLUGS TYPICAL ESR VS. FREQUENCY AT 25°C 
AT 25°C 
NO. 1 
2 uf 
ai oot ete See at ete Ste Semseerniit EE cigs 
10 eesti men iieeaii SEE Ht EHEC 
20 nt [ Se eemmeratiiies tH HEHE 
100 ag Sc et i Segsiities a a 
0 EEE Ht HEE 
eee SRRHh | [| 
2 100.1 20 ree HHHEEE HH HE 
= 10 Seccaum ame: a Ss ht a] 18 rH cH ctaiBee 
2 SESS NOR Ta IP og ae = 6b HEE Hit anaes 
Z 500. BSS Part Ere SL ao ae Siees 
co WO i Ng NU i sittin nl 10 bs Hits een Suiiitices 
ey iasiS S80 SE SAT Oat le HE a Tb ae 
<< tt — st INS a SS Soi a ==s-2 a4 moves a | | | 
2500 uf be: TRS 6 | [850 .feva ttt bat HHA HUT 
i See aaaast 1H a HL a ST amen ee 
01 iH iin iin =e Ll 2 ae THR 
ot H pee oar eR ee 100 1000 - 10,000 100,000 
a RGN anil FREQUENCY-HERTZ 
sox ETE LEE tt 
60 100 1000 10K 100K 1MC 10MC 100MC 
FREQUENCY-HERTZ 
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SERIES 40TW 


Industrial Type Tantalum Capacitors 


WET SLUG IMPEDANCE CORRECTION FACTORS WET SLUG IMPEDANCE CORRECTION FACTORS 
UP TO 5 uf FOR CAPACITANCE 100 xf 
NO. 2 AND ABOVE INCLUDING PACKAGES 
6 NO. 4 


all 


| | eae ieee Be ut | 
; i Renee 


FACTOR 


60 100 1000 10K eg Pry 
FREQUENCY-HERTZ ie | 
ae % 
WET SLUG IMPEDANCE CORRECTION FACTORS - “J 
FOR CAPACITANCE 5-100 xf e 
NO. 3 = 
yi 
3 
ce 
z 5 
° S 
7) 
125C 
0 oe a a a eR FREQUENCY-CPS 
60 100 1KC 10KC 100KC 
FREQUENCY-HERTZ 
HOW TO SPECIFY 


Series 40TW can be specified using the following designation: 


0 T W 225 A 075 


ial 
Tantaluin Industria 


Capacitor O = Unsleeved 


| = Sleeved 
Axial Lead 
Capacitance 
Series Tolerance 
J=+ 5% 
K = +10% 
M = +20% 


Wet Slug _ Case Size 


Capacitance Voltage Rating 
in (pF) @ 85°C 
First two digits are 
significant figures. 
Third digit numbers 
of zeros to follow 
225 = 2c 
226 = ZeuiF 
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SERIES 43XW 


Hermetic Cylindrical 
Case Tantalum Capacitor 
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% DESCRIPTION 
Philips Components Series 43XW offer varied FEATURES 
Capacitance and voltage ratings and have the = MODULES 
inherent electrical and physical environmental 
stability of the sintered anode-gelled electrolyte = HERMETICALLY SEALED 
Coe uewOl, | = +125°C OPERATION 
All 43XW Series capacitors are hermetically sealed 
and meet or exceed the requirements of Mil-C-3965 # 20V TO 630V RATINGS 
and Mil-C-39006. = 3.5 uf TO 1300 uf 


Because of the rugged construction and extreme 
purity of the sintered tantalum anodes used in the 
capac ‘or elements, the 43XW Series will operate 
reliably from —55°C to +125°C. 


WARNING 
NON-SOLID ELECTROLYTIC CAPACITORS MAY CONTAIN CHEMI- 


CALS WHICH CAN BE REGARDED AS HAZARDOUS IF HANDLED 


INCORRECTLY. CAUTION IS NECESSARY IF THE OUTER CASE IS 
FRACTURED. 
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SERIES 43XW 


Industrial Type Tantalum Capacitors 


APPLICATIONS 


REVERSE VOLTAGE 


43XW capacitors are not recommended for circuits where re- 
versals of any magnitude occur. 


DERATED VOLTAGE OPERATION 


Type 43XW may be operated at voltages less than the rated 
values designated. The reliability of operation increases, and long 
term degradation decreases. 


SPECIAL RATINGS & CONFIGURATIONS 


Many ratings of capacitance and voltage other than those shown 
are available. 


All 43XW capacitors function with the case negative (ground) and 
glass sealed terminal as positive. Reverse ground configurations 
are available but will carry special part numbers. 


For your special rating and configuration requirements, contact the 
Philips Components Sales Engineering Department. 


VIBRATION 


Capacitors shall withstand a simple harmonic motion having an 
amplitude of 0.03” (max. total excursion 0.06”) with the frequency 
being varied uniformly between the approximate limits of 10 to 55 
cycles and ratings to be transversed in approximately 1 minute fora 
total of 1% hours. 


Capacitors shall withstand vibration from 10 to 2000 cycles at 
15G without internal damage. Electrical measurements made while 
under these conditions shall show no intermittent open or short 
circuit. 


CASE INSULATION 


When specifying case insulation, add 0.031" to the H and D 
dimensions. 


GENERAL SPECIFICATIONS 


OPERATING TEMPERATURE 


Philips Components 43XW type tantalum capacitors are designed to 
operate over a temperature range of —55°C to +85°C without derating. 
Operation up to 125°C is also permissible with proper derating. 


DC WORKING VOLTAGE 


The DC working voltage is the maximum operating voltage for 
continuous duty at the rated temperature. 


DC LEAKAGE 


Measurements shall be made at rated working voltage with an 
application of a steady source of power, such as a regulated power 
supply with a 1000 ohm resistance to limit the charging current, 
connected in series with each capacitor under test. Rating working 
voltage shall be applied to capacitors for 5 minutes before making 
leakage current measurements. 
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CAPACITANCE 


Will be measured by the bridge method with a 120 Hz 0.6 VRMS 
and 2.0 VDC bias applied. 


SURGE VOLTAGE 


The surge DC rating is the maximum voltage to which the capacitors 
should be subjected under any conditions. This includes transients and 
peak ripple at the highest line voltage. The surge voltage of all Philips 
Components 43XW type tantalum capacitors is 115% of rated DC working 
voltage. 


-55°.40. 85°C 1Z5.C 

Rated Surge Rated 

20 23 175 
30 34.5 25 
60 69 50 
90 103 80 
180 207 160 
270 310 240 
360 415 320 
450 olf 400 
540 620 480 
630 725 560 


POWER FACTOR 


Will be measured by the bridge method with a 120 Hz 0.6 VRMS 
and a 2.0 VDC bias applied. 


IMPEDANCE 


Measured at -55 with a 120 Hz signal. The value shall not exceed 
that specified in the table for each rating. 
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SERIES 43XW 


Industrial Type Tantalum Capacitors 


DC Leakage Current Maximum Capacitance 
(Max) Impedance Change Percent — 
Cap Microamperes Ohms (Max) Referenced to as 25 C Part Number 
WF) 120H2 “55 C 


100 -60 +20 43XW107A020KOAE 

-60 +20 43XW107AO20KOAF 

200 -60 +20 A3XW207 BO20KOAE 

-60 +20 43XW207 BO20KOAF 

75 -45 +410 43XW756A030KOAE 

-45 +10 43XW756A030KOAF 

150 -45 440 43XW 157 BO30KOAE 

-45 +10 43XW157BO3OKOAF 

370 -65 +25 43XW377PO030KOAE 

-65 +25 43XW377P030KOAA 

650 -85 +25 43XW657RO30KOAE 

-85 +25 43XW657RO30KOAA 

1300 -85 +25 43XW138RO30KOAE 

-85 +25 43XW138RO30KOAA 

gy! 40 -35 +10 43XW406A060KOAE 
~ | -35 +10 | 43XW406A060KOAF 
~4 80 -35 +10 43XW806BO60KOAE 
ety “35 +10 43XW806BO60KOAF 
a 200 -50 +25 43XW207 PO6OKOAE 
'~ 50 +25 | 43XW207PO6OKOAA 
= 350 -70 +25 43XW357 ROBOKOAE 
-70 +25 43XW357 ROGOKOAA 

700 “70 +25 43XW707 ROGOKOAE 

© -70 +25 43XW707ROGOKOAA 
Ss 25 -35 +10 43XW256A090KOAE 
ot) -35 +10 | 43XW256A090KOAF 

° 50 -35 +10 | 43XWS506BO90KOAE 

~t 35 +10 | 43XWS506B090KOAF 

@ 120 -40 +25 43XW127PO090KOAE 

4 -40 +25 43XW127PO90KOAA 

v 220 -60 +25 43XW227ROQOKOAE 

-60 +25 43XW227ROQSOKOAA 

450 -60 +25 43XW457ROSOKOAE 

-60 +25 43XW457 ROQOKOAA 

12 -35 +10 43XW126C180KOAE 

-35 +10 43XW126C180KOAF 

25 -35 +40 43XW256E180KOAE 

| | -35 +10 43XW256E180KOAF 

42 1.125 976 10 30 -40 +25 | 43XW426Q180KOAE 

1.125 976 10 30 -40 +25 43XW426Q180KOAA 

60 1.125 976 13 60 40 +25 43XW606Q180KOAE 

1.125 976 13 60 -40 +25 43XW606Q180KOAA 

110 1.125 1.938 24 60 -60 +25 43XW117U180KOAE 

1.125 1.938 24 60 -60 +25 43XW117U180KOAA 

230 1.125 1.938 46 50 -60 +25 43XW237U180KOAE 

1.125 1.938 46 50 -60 +25 43XW237U180KOAA 

8 270 -35 +10 43XW805D270KOAE 

270 -35 +10 43XW805D270KOAF 

16 135 -35 +16 43XW166G270KOAE 

135 -35 +46 43XW166G270KOAF 

28 1.125 1.350 16 80 -40 +25 43XW286S270KOAE 

1.125 1.350 16 80 40 495 43XW286S270KOAA 

40 1.125 1.350 25 100 -40 ee 43XW406S270K0AE 

1.125 1.350 22 100 -40 +25 43XW406S270KOAA 

75 1.126 | 2612 24 30 -60 +25 43XW756Y270KOAE 

1.125 | 2812 24 30 -60 +25 43XW756Y270KOAA 

150 1.125 | 2812 A5 75 -60 +25 43XW157Y270KOAE 

1.125 | 2812 45 75 -60 +25 43XW157Y270KOAA 

6 360 -35 +46 43XW605F360KOAE 

360 -35 +46 43XW605F360KOAF 

12 180 -35 +10 43XW 126K360KOAE 

180 -35 410 43XW 126K360KOAF 

22 100 -40 +25 43XW226T360KOAE 

100 -40 +25 A3XW226T360KOAA 

30 120 -40° +25 43XW306T360KOAE 

120 -40 +25 43XW306T360KOAA 

rs) 450 -35 +10 43XW505H450KOAE 

450 -35 +10 43XW505H450KOAF 

10 225 -35 +10 43XW106M450KOAE 

225 -35 +10 | 43XW106M450KOAF 

a7 130 -40 +25 43XW176V450KOAE 

130 -40 +25 43XW176V450KOAA 

ZO 150 -40 +25 4A3XW256V450K0OAE 

150 -40 +25 43XW256V450KOAA 
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SERIES 43XW 


Industrial Type Tantalum Capacitors 


DC Leakage Current Maximum Capacitance 
(Max) impedance Change Percent — 
Microamperes Ohms (Max) Part Number 


11 - 43XW405J540KOAE 
11 43XW405J540KOAF 
18 43XW805N540KO0AE 
18 43XW805N540KOAF 
17 43XW 146W540KOAE 
17 43XW146W540K0OAA 
19 - 438XW206W540KOAE 
43XW206W540K0AA 
43XW355L630KOAE 
43XW355L630 KOAF 
43XW7050630KOAE al 
43XW7050630KOAF 9) 
43XW126X630KOAE 3 
43XW126X630KOAA eh 
43XW 186X630KOAE 9) 
43XW 186X630KOAA = 
*Other Ratings Readily Available 3 
PART NUMBER SYSTEM © 
E S 
leoureunanon eb 
A= CL18 ) 
E = CL14. CL17 ot 
F = CL16 ~) 
INDUSTRIAL PD. 
S 
O = UNSLEEVED 
1 = SLEEVED 
CAPACITANCE TOLERANCE 
K=+10% M2=++20% U= +75 -15% 
GOreGeRnNeGEes TYPE AND CONFIGURATION 
Top View Side View Bottom View Type Configuration 
CASE SIZE 
CAPACITANCE IN PICOFARADS ' 
First two digits are significant figures. _ eee | ie A 
Third digit number of zeros to follow: DIA. 
106 = 10 uF | . 
107 = 100 uF 


1/4 
WET ELECTROLYTE 5/16£1/16 3/841/16 (Nom.,) 
SERIES H — i 
MODULE 
r 5/16£1/16 


Wire Hole 
.094+.010 


jk}K—_-H+{  -—v 


TANTALUM 


Rotate i” 025 1.2 - 20 - UNF2A Thread 


015 
\ \ 1500 WY ; ee 
~ +010 } | I F 
zy 


375 +.007 3/8+.015—* }e— .060+.020 
—.005 ad }e————— H >| }e— D—> 


590 
+.015 
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SERIES 40YW 


Non-Acid Electrolyte Fully Insulated 
Tantalum Capacitor 


ot 
: 
I 
& 
3 
3 
° 
Pg 
5 
a 


DESCRIPTION FEATURES 


Philips Components 40YW liquid electrolyte mini- = 6 TO 60 VOLTS 


ature Tantalum electrolytic capacitors fill d-c = —55°C TO +85°C 
capacitor requirements where large capacitance 


values are required in very small spaces. These = 0.1 uF TO 320 uF 
wet-electrolyte capacitors are suitable for storage 

at temperatures to —65°C, and will meet military "SOLDER COATED NICKEL LEADS 
vibration requirements at 2000 Hz, 15 G acceler- 

ation and all normal shock requirements. 


WARNING 
NON-SOLID ELECTROLYTIC CAPACITORS MAY CONTAIN CHEMI- 


CALS WHICH CAN BE REGARDED AS HAZARDOUS IF HANDLED 


INCORRECTLY. CAUTION IS NECESSARY IF THE OUTER CASE IS 
FRACTURED. 
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SERIES 40YW 


Industrial Type Tantalum Capacitors 


PART NUMBER SYSTEM 


EXAMPLE 


4 0 Y W = 205 


U 1 A 
[ INDUSTRIAL 
SLEEVED 


CAPACITANCE TOLERANCE 
U = -15 +75% (6-25V) 
T = -15 +50% (30-60V) 
W =- 15+ 20% (ALL) 


TANTALUM CAPACITOR 


VOLTAGE RATING @ 85°C Ty 

CASE SIZE | 

PL, 

CAPACITANCE IN PICOFARADS J 

First two digits are significant figures. & 

Third digit number of zeros to follow: = 

205 = 2 uF 

206 = 20 uF ? 

WET ELECTROLYTE 2 
SERIES & 
RRs 

AXIAL LEAD S 
= 

~” 


ae BOTH 


EPOXY ENDSEAL (POSITIVE) 


DIMENSIONS FOR 40YW TYPE — INCHES (mm) 


Weight 
(grams) 


.285 ( 7.2) 020 (0.5) 2.0 (50.8) 


115 (2.9) 
115 (2.9) 
145 (3.7) 
225 (5.7) 


312 ( 7.9) 
.438 (11.1) 
.656 (16.7) 


B73 (22:2) 


020 (0.5) 
020 (0.5) 
020 (0.5) 
020 (0.5) 


2.0 (50.8) 
2.0 (50.8) 
2.0 (50.8) 
2.0 (50.8) 
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SERIES 40YW 


Industrial Type Tantalum Capacitors 


Part Number 
Standard 


40YW156B006U1A 
40YW306CO06U1A 
40YW147D006U1A 
40YW327E006U1A 


40YW256C008U1A 
40YW106B010U1A 


40YW107D010U1A 
40YW257E010U1A 


—v 


40YW805B015U1A 
40YW206C015U1A 
40YW706D015U1A 
40YW177E015U1A 


—, 


40YW156C020U1A 
40YW506D020U1A 


40YW605B025U1A i 
40YW106C025U1A 


—" 


40YW505B030T1A : 
40YW805C030T1A : 
40YW406D030T1A ; 
40YW107D030T1A 


8 
4 
5 
3 
4 
8 
5 
3 
8 
5 
4 
8 
4 
8 
5 
3 


™ 
5 
| 
2 
R 
3 
E 
RY 
a 


40YW104A050T1A 
40YW504A050T1A 
4OYW105A050T1A 
A4O0YW305B050T1A 
40YW605C050T1A 
40YW256D050T1A 
4O0YW606E050T1A 


40YW205B060T1A 
40YW405C060T1A 
40YW206D060T1A 
40YWS06E060T1A 


mMOQOWD MOUQOWDYFYrYFr MIONDHBD NOW O00O MINN mMoW QO MOND 


CAPACITANCE TOLERANCE 
Percent Tolerance 
Voltage 
Condition Rating Standard 


25°C 6 to 25 “l5+79 


@ 
120 Hz 30 to 60 =15+50 
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SERIES 41GS 


Econodip Commercial Grade Dipped-Radial 
Lead Solid Electrolyte Tantalum Capacitor 


DESCRIPTION 


The 41GS type capacitors are designed and 
manufactured for low unit cost in volume produc- 
tion quantities and reliable operation in a wide 
variety of commercial and consumer circuit 
applications. 

The inherent reliability of the solid tantalum 
capacitor is offered in a radial lead capacitor 
which incorporates an insulating protective body 
coating to withstand production handling in auto- 
mated processing or assembly equipment. 


The 41GS Series provides a wide variety of 
standard capacitance-voltage ratings to accom- 
modate the use of the dipped capacitor series 
for replacement of axial lead capacitor styles on 
printed circuit boards. 

The six case sizes are supplied with standard 
lead spacing of 0.100" (2.54 mm), 0.125" (3.18 mm), 
0.200" (5.08 mm). 

Four of the case sizes are available with hockey- 
stick leads with 0.250" (6.35 mm) lead spacing. 


f 
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FEATURES 

@ —55°C to +85°C TEMPERATURE RANGE 
= 0.1 uf THROUGH 680.0 uf 

= 3 VDC THROUGH 50 VDC 

= SIX STANDARD CASE SIZES 

# STRAIGHT AND FORMED LEADS AVAILABLE 
# STABLE ELECTRICAL CHARACTERISTICS 
= RESIN COATED 

# LOW COST 

=# LOW D.C. LEAKAGE 

# STANDARD .020" DIAMETER LEAD WIRES 


(407) 863-1811 
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SERIES 41GS 


Industrial Type Tantalum Capacitors 


CAPACITANCE — Measured at 25 C at 120 Hz using the bridge 
method with 1 VRMS and 2.2 VDC maximum applied to the device. 
See table for standard capacitance-voltage ratings. 


CAPACITANCE TOLERANCE — +20% (M) is standard. +10% (kK) 
is available upon request. 


DISSIPATION FACTOR — Determined by the same method as 
capacitance. DF in percent shall not exceed the following: 


Rated Capacitance Maximum DF 


0.1 uf to 6.8 uf 6% 
8.2 uf to 68 uf 8% 
82 uf to 330 uf 10% 
470 uf to 680 uf 12% 


D.C. LEAKAGE - Shall not exceed .02 X CV (capacitance X voltage) 
or 1 ua whichever is greater at 25°C when measured with rated 
voltage applied. The electrification period, prior to measurement, 
shall be 5 minutes. A regulated power supply with an external 1000 
ohm resistor in series with each unit should be used to supply the 
D.C. test and electrification voltage. 85 C.D.C. leakage shall not 
exceed 10 X CV or 10 ua, whichever is greater, when measured as 
described above. 


WVDC WORKING VOLTS D.C. 

RVDC RATED VOLTAGE D.C. — The 41GS Series is designed to 
operate reliably in a wide variety of environments between -55 C 
and +85 C with rated voltage applied. 


SURGE VOLTAGE — The surge voltage is the maximum D.C. 


voltage, including peak AC or other pulse voltages which may be 
applied to the capacitor for short periods of time. 


Rated D.C. Voltage Maximum Surge Voltage 


3 3.6 
6.3 8 
10 12 
16 19 
20 26 
25 30 
35 42 
50 60 


CIRCUIT RESISTANCE — Low impedance surges may do 
permanent damage to solid tantalum capacitors. Normal circuit 
applications should include a total resistance value equal to 3 ohms 
per applied volt. 


CAPACITANCE CHANGE WITH TEMPERATURE — 


Temperature Capacitance Change 
(Maximum) 
“50°C -12% of initial measurement 
-65-C +12% of initial measurement 


Reference measurement (initial) will be taken at +25 C. 


356 


REVERSE VOLTAGE — The maximum allowable reverse voltage 
at 25°C is 10% of the rated voltage or 0.8 volt, whichever 
is greater. 


At 85 C the maximum allowable reverse voltage is 5% of the voltage 
rating or 0.4 volt, whichever is greater. 


The 41GS is a polarized capacitor series and should not be 
subjected to reverse voltages for long time periods. 


LEAD MATERIAL — Lead material is #24 AWG/.020” (.051 mm) 
diameter Grade A nickel, tin lead plated to facilitate soldering. 


TERMINAL STRENGTH — Each lead will withstand a 2 Ib. (907.2 
gr) pull applied axially for a period of 10 seconds without lead or weld 
failure. Each lead wiil withstand two 90 bends, with no stress 
applied to the case, without failure. 


The terminal strength test is considered a destructive test. 


LIFE TEST — Capacitors shall withstand a 1000 hour life test at 
85°C with rated voltage continuously applied. A minimum of circuit 
impedance in series with each unit will be 3 ohms per applied volt. 


At the completion of the life test, the following electrical limits apply: | 


Characteristic 
Capacitance 
Dissipaton Factor 
D.C. Leakage 


Post Life Test Requirements 
+10% of initial value 
150% of original requirments 
200% of initial requirement 


MARKING — Each capacitor will be marked with the rated 
Capacitance, a capacitance tolerance identifier letter and the rated 
voltage. 


The positive lead is the longer of the twoleads. Ared dot willindicate 
positive lead wire. 


Positive 


Capacitance Rating in UF 


Rated DC Voltage | 


les Positive 
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SERIES 41GS 


Industrial Type Tantalum Capacitors 


PHILIPS COMPONENTS PART NUMBERING SYSTEM 
4 1 G 5 154 A 050 K 0 Vo: 
| LLAD SPACING CODE 
V = .100 grid 
W = .125 grid 
INDUSTRIAL X= .200 grid 
Y = .250 grid 
UNSLEEVED 


CAPACITANCE TOLERANCE 
J=+5% K=+10% M=+20% 


RATED VOLTAGE AT 85°C 
CASE SIZE 

CAPACITANCE IN PICOFARADS. 

First two digits are significant figures. 

Third digit is number of zeros to follow: 
1954 = 15 uF 
195 = 15 uF 

SOLID'ELECTROLYTE 
SERIES 


RADIAL LEAD 


TANTALUM CAPACITOR 


Case | Terminal Codes ae Height Height 
Code Available ” Max. “H1” Max. “H2” Max. 
(mm) In. (mm) In. (mm 


ae 4.57) 0.280( 7.11) ]} .410 (10.41) 


0.200( 5.08) | 0.300( 7.62)} .430 (10.92) 
0.260 ( 6.60) | 0.360( 9.14)| .490 (12.45) 
0.340( 8.64) | 0.400(10.16) | .540 (13.72) 
0.400 (10.16) | 0.560 (14.22) | .650 (16.50) 


0.440 (11.18) | 0.680(17.27) | .750 (19.05) 


fe <tr an 


H1 Max H2 Max. 


. | 0.020" 
0.020 | DIA aa .250°° 


750° + 250° (19.05 ~.6 35) 
wer (19.05 + 6 35) 
| Lo 250 + .030” 
{ 
= 
* 0030 
TERMINAL V TERMINAL Y 


Lead Wire Diameter .020”/#24 AWG 
On All Case Sizes 
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SERIES 41GS 


Industrial Type Tantalum Capacitors 


PHILIPS COMPONENTS STANDARD RATINGS 


-55°C to +85°C 41GS SERIES 


sioqwvede7) winjezuel wo 
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A B D E 
Capacitance 3 WVDC 6.3 WVDC 10 WVDC 16 WVDC 
120 Hz 3.6 VDC Surge 8 VDC Surge 12 VDC Surge 19 VDC Surge 
10 41GS104A003K0A 41GS104A006K0A 41GS104A010K0A 41GS104A016K0A 
aE, 41GS154A003K0A 41GS154A006K0A 41GS154A010K0A 41GS154A016KOA 
22 41GS224A003K0A 41GS224A006K0A 41GS224A010K0A 41GS224A016K0A 
oo 41GS334A003K0A 41GS334A006K0A 41GS334A010K0A 41GS334A016KOA 
47 41GS474A003K0A 41GS474A006K0A 41GS474A010K0A 41GS474A016K0A 
.68 41GS684A003K0A 41GS684A006K0A 41GS684A010K0A 41GS684A016K0A 
1.0 41GS105A003K0A 41GS105A006K0A 41GS105A010K0A 41GS105A016K0A 
es 41GS155A003K0A 41GS155A006K0A 41GS155A010K0A 41GS155A016K0A 
22 41GS225A003K0A 41GS225A006K0A 41GS225A010K0A 41GS225A016K0A 
3.0 41GS335A003K0A 41GS335A006K0A 41GS335A010K0A 41GS335B016K0A 
4.7 41GS475A003K0A 41GS475A006K0A 41GS475B010K0A 41GS475B016K0A 
6.8 41GS685A003K0A 41GS685BO06K0A 41GS685B010KOA 41GS685B016KO0A 
10 41GS106B003K0A 41GS106BOO6KO0A 41GS106B010K0A 41GS106C016KO0A 
15 41GS156B003K0A 41GS156BOO6KOA 41GS156C010KOA 41GS156C0O16KOA 
22 41GS226B003K0A 41GS226COO6KOA 41GS226C010KOA 41GS226D016K0A 
33 41GS336C003K0A 41GS336COO6KOA 41GS336D010KO0A 41GS336D016K0A 
47 41GS476CO03K0A 41GS476DO06K0A 41GS476D010K0A 41GS476E016K0A 
68 41GS686D003K0A 41GS686DO006KOA 41GS686D010K0A 41GS686E016K0A 
100 41GS107D003K0A 41GS107D006KO0A 41GS107E010KOA 41GS107F016KOA 
150 41GS157D003K0A 41GS157EQO6KOA 41GS157E010KOA 41GS157FO16KO0A 
220 41GS227E003K0A 41GS227EQOO6KOA 41GS227FO10KOA 
330 41GS337E003K0A 41GS337FOO6KOA 
470 41GS477FOO03K0A 
680 41GS687FOO03K0A 
F G H J 
Capacitance 20 WVDC 25 WVDC 35 WVDC 50 WVDC 


120 Hz 26 VDC Surge 30 VDC Surge 42 VDC Surge 60 VDC Surge 
10 41GS104A020K0A 41GS104A025K0A 41GS104A035K0A 41GS104A050KOA 
15 41GS154A020K0A 41GS154A025K0A 41GS154A035K0A 41GS154A050KOA 
ce 41GS224A020K0A 41GS224A025K0A 41GS224A035K0A 41GS224A050KOA 
33 41GS334A020K0A 41GS334A025K0A 41GS334A035K0A 41GS334A050KOA 
47 41GS474A020K0A 41GS474A025K0A 41GS474A035K0A 41GS474BO050KO0A 
68 41GS684A020K0A 41GS684A025K0A 41GS684A035K0A 41GS684BO050K0A 
1.0 41GS105A020K0A 41GS105A025K0A 41GS105B035K0A 41GS105C050K0A 
1.5 41GS155A020KO0A 41GS155A025K0A 41GS155B035K0A 41GS155C050K0A 
2.2 41GS225B020K0A 41GS225B025K0A 41GS225C035K0A 41GS225D050K0A 
3:3 41GS335BO20K0A 41GS335B025K0A 41GS335C035K0A 41GS335D050K0A 
47 41GS475CO20K0A 41GS475CO25K0A 41GS475D035K0A 41GS475D050K0A 
6.8 41GS685C020K0A 41GS685C025K0A 41GS685D035K0A 41GS685FO50K0A 
10 41GS106CO20KOA 41GS106CO25KOA 41GS106D035K0A 41GS106FO50K0A 
15 41GS156D020KO0A 41GS156D025K0A 41GS156E035K0A 
22 41GS226D020K0A 41GS226D025KO0OA 41GS226E035K0A 
33 41GS336E020KOA 41GS336E025KOA 41GS336F035K0A 
47 41GS476E020K0OA 41GS476E025K0A 41GS476F035K0A 
68 41GS686FO20KO0A 41GS686FO025K0A 
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SERIES 40MS 


Extended Range Molded Solid-Tantalum 
Industrial Grade Capacitor 


DESCRIPTION FEATURES 


ine oe penponents Ba pig Lig pores: = Molded, Insulated Case Construction 
-tantalum capacitor series offers all of the m cro 0 
advantages of solid-tantalum capacitors while abe TnrOd gh tie Dee 
providing the cost savings associated with non- # 4 Standard “Chamfered End” Case Sizes 


metal case technology. ™ Capacitance Range: 0.1 wF Through 68.0 pF 
bahia oo of the tantalum anode is performed m Voltage Range: 2 VDC Through 50 VDC 

on the same presses and chemical processing 
is accomplished using the same equipment that = Tape and Reel Packaging 

is utilized in the fabrication of established reliability, ™ Weldable And Solderable Leads 
military style capacitors. 


Over 300 standard capacitance-voltage ratings, 
encased in four precision molded case sizes, 
provide just the right capacitor to meet most 
circuit requirements for electrical performance 
and physical size. 


The “40MS” product is intended for large quantity 
usage to optimize cost savings associated with 
molded case products. 

This industrial grade product is widely used in 
industrial, automotive and commercial products, 
and in circuit applications which include filtering, 
time constant, coupling, by-passing and energy 
storage applications. 


The positive lead is indicated by the chamfered 
case end, which provides easy visual identification 
of the positive lead of this polarized capacitor 
style. 

The “40MS” product is supplied lead taped and 
reeled for use in high speed automatic insertion 
equipment. 


al 
S 
= 
3 
C) 
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SERIES 40MS 


Industrial Type Tantalum Capacitors 


PHYSICAL SPECIFICATIONS 


OUTLINE DRAWING AND DIMENSIONS 


plow fe 


Dimensions — Inches (mm) | 


L 
Max. 


0.095 (2.41) 0.260 (6.60) 0.020 (.51) 
0.110 (2.79) 0.290 (7.37) 0.020 (.51) 
0.180 (4.57) 0.345 (8.76) 0.020 (.51) 


7 = 0.180 (4.57) 0.420 (10.67) 0.020 (.51) 
Lead Length = 1.50 + .125 inch (38.1 + 3.18) 
W = WIRE DIA. 
Maximum Capacitance (uF) by Case Size and Voltage 
Marking 


Capacitors will be marked with Philips Components part 

marking capacitance, tolerance, rated DC voltage, a + sign 

for polarity and EIA date code. Capacitance tolerance will 
be expressed as K=10%, M=20% or J=5%. 
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SERIES 40MS 


Industrial Type Tantalum Capacitors 


ELECTRICAL DATA The AC measuring signal shall be limited to 2 VAC peak. 
The sum of the peak AC voltage and the applied (polariz- 
DC Working Voltage ing) DC voltage shall not exceed the rated (WVDC) vol- 


Philips Components 40MS solid-tantalum capacitors are 


available in nine standard operating voltages, as shown in 
the capacitance-voltage table. 

All 40MS type capacitors may be operated at their rated 
voltage throughout the temperature range of —55°C 
through +85°C. 

These capacitors may be operated at 2/3 of the rated 
voltage up to a maximum temperature of +125°C. 

AC ripple voltage plus the DC polarizing voltage must 
not exceed the rated WVDC voltage. 


WVDC (%) 


75 85 
Temperature — °C 


(NOTE — See Table Following) 


Surge Voltage and Voltage Derating 
The surge voltage is the maximum short duration voltage 


| -which may be applied to the capacitor, i.e., “Turn On” 


transients, peak AC voltages or any other voltage pulses 
which may be superimposed on the applied DC voltage. 
85°C and 125°C surge voltages and voltage derating with 
temperature for 40MS capacitors are shown in the fol- 


- Capacitance... (Effective Series Capacitance) 
Philips Components 40MS molded solid-tantalum 
- Capacitors are measured on a polarized capacitance 
bridge. All measurements are made at, and referred 
to, a 120 HZ frequency at 25°C measurement condition. 
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tage of the capacitor. | 


Capacitance Tolerance 


The 40MS series is available in +20%(M), +10%(K) or 


+5%(J) capacitance tolerances. 


Dissipation Factor 


The dissipation factor at 120 HZ and 25°C will be mea- 
sured concurrently with capacitance. Maximum dissipa- 
tion factor (DF) limits are specified in the capacitance 
voltage rating table by individual unit. 


Maximum Dissipation 


Rated Voltage (WVDC) Factor Range (%) 


Greater Than 6 


DC Leakage Current 

DC leakage measurements will be taken after a five 
minute period of electrification, with rated DC voltage 
applied. 

The voltage will be applied with a 1000 Ohm, +50 Ohm, 
resistor connected in series with the capacitor. 

The DC leakage limit values for individual units are shown 
in the Capacitance-Voltage Rating Table. 

The maximum allowable DC leakage limit at 85°C will 
be 10 times the maximum specified 25°C DC leakage 
limit. 


lowing table. 
Capacitance Change with Temperature 
Nelese Surge VDC The maximum capacitance change with temperature is: 
WVDC | Derated VDC | 
as"¢ | 125°C 125°C Temperature Maximum Change In 
°C Capacitance (%) 
25 Within Specified Tolerance 
—55 15 
85 15 


Moisture Resistance 


The 40MS series capacitors will meet the moisture resistance 
requirements of MIL-STD 202D, method 106. 


Within 6 hours of the completion of the test, the capaci- 
tance will not change more than +5% from the initial 
value. The dissipation factor will not exceed the initial 
requirement. 
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SERIES 40MS 


Industrial Type Tantalum Capacitors 


CAPACITANCE VOLTAGE RATING TABLE | 


25°C Philips Components Philips Components : 
DCL (uA) Part Number Part Number 


120 HZ 
uF DF (%) 
6.8 2 A 10 


s10z9ede) unyjezuel wo 


120 HZ 25°C 
DF (%) | DCL (A) 
0.5 


40MS685A002K0A 4 40MS475B010K0A 
8.2 2 A 10 40MS825A002K0A B 4 0.5 40MS565B010K0A 
10.0 2 A 10 40MS106A002K0A B 6 0.7 40MS685B010K0A 
2 B 40MS126B002K0A B 6 40MS825B010K0A 
2 B 40MS156B002K0A B 6 40MS106B010KOA 
2 B 40MS186B002K0A c 6 40MS126CO10KOA 
2 B 40MS226B002K0A C 6 40MS156C010KOA 
2 B 40MS276B002K0A Cc 6 40MS186CO10KOA 
2 B 40MS336B002K0A c 6 40MS226C010KOA 
2 [ 40MS396C002KOA D 6 40MS276D010KOA 
2 C 40MS476C002K0A D 6 40MS336D010K0A 
a: AOMSSE6C002KOA rT | AOMSA7EDOLOKOA 
D 6 40MS476D010KOA 
4 A 8 40MS475A004K0A 
rtalos JOMSSGSAO04KOR | 4 sOSISSAIISKOR 
4 B 8 40MS106B004K0A 
B 4 40MS335B015K0A 
4 B 8 40MS126B004K0A 
B 4 40MS395B015K0A 
4 B 8 40MS156BO004K0A 
B 4 40MS475B015KOA E 
4 B 8 40MS186B004K0A Q 
B 4 40MS565B015K0A 
4 B 8 40MS226B004K0A 
B 6 40MS685B015K0A 
4 ¢ 8 40MS276C004KOA 
% 6 40MS825C015KOA 
4 ¢ 8 40MS396C004KOA C 6 AOMS126CO15KOA | 
4 C 8 40MS476CO04K0A ae 
c 6 4OMS156CO15KOA |. 
4 D 8 40MS566D004K0A | qe 
r D g 4OMS686D004KOA D 6 40MS186D015KOA |~ 
D 6 40MS226D015KOA |. 
6 | A 4 40MS335A006KOA Dy] & SOMSZ76DOLOROA | os 
6 A 4 40MS475A006K0A tke 
6 B 4 40MS565BO06K0A A A 40MS105A020K0A | - 
6 B 6 40MS685BO06K0A A 4 40MS125A020K0A 
6 B 6 AOMS825BO06K0A A : 40MS155A020K0A 
6 B 6 40MS106BO06KOA B 4 40MS185B020K0A | ©: 
6 B 6 40MS126BO06KOA B 4 40MS225B020K0OA | ~ 
6 B 6 40MS156BO06KOA B 4 40MS275B020K0A 
G C 6 40MS186CO06KOA B 4 40MS335B020K0A 
6 C 6 40MS226CO06KOA B 4 40MS395B020K0A 
6 G 6 40MS276CO06KOA B 4 40MS475B020K0A 
6 C 6 40MS336CO06KOA C 4 40MS565C020K0A 
6 D 6 40MS396D006KOA c 6 40MS685C020K0A 
6 D 6 40MS476D006K0A c 6 40MS825C020K0A 
6 D 6 40MS566D006K0A c 6 40MS106C020KOA 
6 D 6 4OMS686D006K0A D 6 40MS126D020K0A 
D 6 40MS156D020K0A 
A 4 40MS225A010KOA D 6 40MS186D020K0A 
A n 40MS275A010KOA D 6 - 40MS226D020K0A 
A 4 40MS335A010KOA 
B 4 40MS395BO10KOA A 3 40MS474A025K0A 


“Insert Capacitance Tolerance Letter in Part Number: M= ~20% K=~10% 
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A 
A 
A 
A 
B 
B 
B 
B 
B 
B 
C 
C 
C 
C 
C 
C 
D 
D 
- 
A 
A 
A 
A 
A 
A 
A 
A 
B 
B 
B 
B 
B 
B 
C 
C 
C 
C 
C 
C 
D 
D 
D 
D 
A 
A 
A 
A 
A 
A 
B 


120 HZ 
DF (%) 


WWWWWWW PPP SSP RP WWW WW WW WWW WW WWW WW WwW PPP PP BP PW DH W | W WH WW WW WwW 


25°C 
DCL (uA) 


CAPACITANCE VOLTAGE RATING TABLE 


Philips Components 120 HZ 25°C Philips Components 
Part Number uF DF (%) | DCL (A) Part Number 


40MS564A025K0A 
40MS684A025K0A 
40MS824A025K0A 
40MS105A025K0A 
40MS125B025K0A 
40MS155B025K0A 
40MS185B025K0A 
40MS225B025K0A 
40MS275B025K0A 
40MS335B025K0A 
40MS395C025K0A 
40MS475C025K0A 
40MS565C025K0A 
40MS685C025K0A 
40MS825C025K0A 
40MS106C025K0A 
40MS126D025K0A 
40MS156D025K0A 


40MS104A035K0A 
40MS124A035K0A 
40MS154A035K0A 
40MS184A035K0A 
40MS224A035K0A 
40MS274A035K0A 
40MS334A035K0A 
4OMS394A035K0A 
40MS474A035K0A 
40MS564B035K0A 
40MS684B035K0A 
40MS824B035K0A 
40MS105B035K0A 
40MS125B035K0A 
40MS155B035K0A 
40MS185C035K0A 
40MS225C035K0A 
40MS275C035K0A 
40MS335C035K0A 
40MS395C035K0A 
40MS475C035K0A 
40MS565D035K0A 
40MS685D035K0A 
40MS825D035K0A 
40MS106D035K0A 


40MS104A050K0A 
40MS124A050K0A 
40MS154A050K0A 
40MS184A050K0A 
40MS224A050K0A 
40MS274A050K0A 
40MS334B050K0A 


SERIES 40MS 


Industrial Type Tantalum Capacitors 


039 | 50 | B 3 

047 | 50 | B 3 08 
056 | 50 | 8B 3 0.5 
acs | 50 | B 3 0.5 
082 | 50 | B 3 0.5 
10 | so] B 3 0.5 
12 | so | c 3 0.5 
15 | 50 | Cc 4 0.8 
ig | 50] Cc 4 0.8 
22 | 50] C 4 11 
27 | 50 | OD 4 1.1 
33 | 50 | OD 4 17 
39 | 50 | OD 4 17 
47 | 50 | D 4 2.4 

HOW TO SPECIFY 


4 0 M S_ 68 ,D 035 M 


Case Size 


685 = 6.8 uF 
686 = 68 uF 


Solid-Tantalum 


Molded Case 


Axial Lead 


Tantalum Capacitor 


*Insert Capacitance Tolerance Letter in Part Number: M=+20% K==+10% 
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Capacitance Tolerance 
M = 20% K= 10% 


Voltage Rating 


Capacitance in Picofarads 


First two digits are significant figures. 
Third digit number of zeros to follow: 


40MS394B050K0A 
40MS474B050K0A 
40MS564B050K0A 
40MS684B050K0A 
40MS824B050K0A 
40MS105B050K0A 
40MS125C050K0A 
40MS155CO50K0A 
40MS185C050K0A 
40MS225C050K0A 
40MS275D050K0A 
40MS335D050K0A 
40MS395D050K0A 
40MS475D050K0A 


0 A 
z industrial 


UNSLEEVED 


J=5% 
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SERIES 40MS 


Industrial Type Tantalum Capacitors 


Capacitance Change with Temperature Leakage Current 
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Typical ESR as a function of frequency; case sizes B and E. Typical ESR as a function of frequency; case sizes D and F. 
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SERIES 40NS 


_Non Polar Solid Electrolyte Tantalum Capacitor 


‘DESCRIPTION 


The Philips Components 40NS Series consists of 
two polar solid electrolyte sintered tantalum anode 
Capacitors, assembled into a tubular metal can in 
a back-to-back configuration. 

Available in four standard sizes, insulated or unin- 
sulated styles, the 40NS Series is manufactured 
utilizing the highly automated processing and 
assembly techniques which Philips Components 
has developed for producing established reliability 
CSR91 devices to MIL-C-39003. 

The 40NS Series is especially adapted for appli- 
cations involving coupling, filtering, and timing in 
those computer, industrial, and commercial cir- 
cuits where AC signals are prevalent, or where 
voltage reversals are common. 


FEATURES 

= NON POLAR 

= HERMETIC SEAL 

m —55°C to 125°C OPERATING 


= 6 THRU 100 VOLTS 

= 0.0023 uf THRU 160 uf 
= FOUR STANDARD SIZES 
= COUPLING 
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SERIES 40NS 


Industrial Type Tantalum Capacitors 


366 


CAPACITANCE 
+25°C 120 Hz 


0.0023 
0.0028 
0.0034 
0.0041 


0.005 
0.006 
0.0075 
0.009 
0.011 
0.013 


0.016 
0.019 
0.023 
0.028 
0.034 
0.041 


0.05 
0.06 
0.075 
0.09 
0.11 
0.13 


0.16 
0.19 
0.23 


PHILIPS COMPONENTS STANDARD RATINGS 


6 WVOC N.P. 
+10% INSULATED 
4V @ 125°C 


40NS232WO006K1A 
40NS282WO06K1A 
40NS342WO006K1A 
40NS412WOO6K1A 


40NS502WO006K1A 
4O0NS602WO06K1A 
40NS752WO06K1A 
40NS902WO06K1A 
40NS113WO06K1A 
40NS133W006K1A 


40NS163WO006K1A 
40NS193W006K1A 
40NS233W006K1A 
40NS283W006K1A 
40NS343W006K1A 
40NS413WO006K1A 


40NS503WO006K1A 
40NS603WO006K1A 
40NS753W006K1A 
40NS903WO06K1A 
40NS114WO06K1A 
40NS134WO006K1A 


40NS164WO06K1A 
40NS194W006K1A 
40NS234W006K1A 
40NS284W006K1A 
40NS344W006K1A 
40NS414W006K1A 


40NS504WO006K1A 
40NS604WO06K1A 
40NS754WO06K1A 
40NS904WO06K1A 
40NS115WO06K1A 
40NS135WO006K1A 


40NS165WO06K1A 
40NS195WOO6K1A 
40NS235W006K1A 
40NS285WO06K1A@ 
40NS345WO006K1Ae@ 
40NS415X006K1A 


40NS505X006K 1A 
40NS605X006K1A 
40NS755X006K1A 
40NS905X006K 1A 
40NS116X006K1A 
40NS136X006K1A 


40NS 166X006K1A 
40NS196X006K1A 
40NS236X006K 1Ae@ 
40NS286X006K 1A@ 
40NS346Y006K1A 
40NS416YO06K1A 


40NSSO6YO006K1A 
40NS606Y006K1A 
40NS756Y006K1A@ 
4ONS906Y006K 1 Ae 
40NS117ZO06K1A 
40NS137Z006K1A@ 
40NS167Z006K1Ae 


@ EQUIVALENT VALUE AVAILABLE 
CSR91 STYLE PER MIL-C-39003 
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10 WVDC N.P. 
+10% INSULATED 
7V @ 125°C 


40NS232W010K1A 
40NS282W010K1A 
40NS342W010K1A 
40NS412W010K1A 


40NS502W010K1A 
40NS602W010K1A 
40NS752W010K1A 
40NS902W010K1A 
40NS113W010K1A 
40NS133W010K1A 


40NS163W010K1A 
40NS193W010K1A 
40NS233W010K1A 
40NS283W010K1A 
40NS343W010K1A 
40NS413W010K1A 


40NS503W010K1A 
40NS603W010K1A 
40NS753W010K1A 
40NS903W010K1A 
40NS114W010K1A 
40NS134W010K1A 


40NS164W010K1A 
40NS194W010K1A 
40NS234W010K1A 
40NS284W010K1A 
40NS344W010K1A 
40NS414W010K1A 


40NS504W010K1A 
40NS604W010K1A 
40NS754W010K1A 
40NS904W010K1A 
40NS115W010K1A 
40NS135W010K1A 


40NS165W010K1A 
40NS195W010K1Ae@ 
40NS235W010K1Ae@ 
40NS285X010K1A 
40NS345X010K1A 
40NS415X010K1A 


40NS505X010K1A 
40NS605X010K1A 
40NS755X010K1A 
40NS905X010K1A 
40NS116X010K1A 
40NS136X010K1Ae@ 


40NS166X010K1A@ 
40NS196X010K1Ae@ 
40NS236Y010K1A 
40NS286Y010K1A 
40NS346Y010K1A 
40NS416Y010K1Ae@ 


40NS506Y010K1Ae@ 
40NS606Y010K1Ae@ 
40NS756Z010K1A 

40NS906Z010K1Ae 
40NS117Z010K1Ae@ 


15 WVDC N.P. 
+10% INSULATED 
10V @ 125°C 


40NS232W015K1A 
40NS282W015K1A 
40NS342W015K1A 
40NS412W015K1A 


40NS502W015K1A 
40NS602W015K1A 
40NS752W015K1A 
40NS902W015K1A 
40NS113W015K1A 
40NS133W015K1A 


40NS163W015K1A 
40NS193W015K1A 
40NS233W015K1A 
40NS283W015K1A 
40NS343W015K1A 
40NS413W015K1A 


40NS503W015K1A 
40NS603W015K1A 
40NS753W015K1A 
40NS903W015K1A 
40NS114W015K1A 
40NS134W015K1A 


40NS164W015K1A 
40NS194W015K1A 
40NS234W015K1A 
40NS284W015K1A 
40NS344W015K1A 
40NS414W015K1A 


40NS504W015K1A 
40NS604W015K1A 
40NS754W015K1A 
40NS904W015K1A 
40NS115W015K1A 
40NS135W015K1Ae 


40NS165W015K1Ae@ 
40NS195X015K1A 
40NS235X015K1A 
40NS285X015K1A 
40NS345X015K1A 
40NS415X015K1A 


40NS505X015K1A 
40NS605X015K1A 
40NS755X015K1A 
40NS905X015K1Ae@ 
40NS116X015K1Ae 
40NS136Y015K1A 


40NS166Y015K1A 
40NS196Y015K1A 
40NS236Y015K1A 
40NS286Y015K1A@ 
40NS346Y015K1A@ 
40NS416Z015K1A 


40NS506Z015K1A 
40NS606Z015K1Ae@ 
40NS756Z015K1Ae@ 


20 WVDC N.P. 
+10% INSULATED 
13V @ 125°C 


40NS232W020K1A 
40NS282WO020K1A 
40NS342W020K1A 
40NS412W020K1A 


40NS502W020K1A 
40NS602W020K1A 
40NS752W020K1A 
40NS902WO020K1A 
40NS113W020K1A 
40NS133W020K1A 


40NS163W020K1A 
40NS193W020K1A 
40NS233W020K1A 
40NS283W020K1A 
40NS343W020K1A 
40NS413W020K1A 


40NSS503W020K1A 
40NS603W020K1A 
40NS753W020K1A 
40NS903WO020K1A 
40NS114W020K1A 
40NS134W020K1A 


40NS164W020K1A 
40NS194W020K1A 
40NS234W020K1A 
40NS284W020K1A 
40NS344W020K1A 
40NS414W020K1A 


40NS504W020K1A 
40NS604W020K1A@ 
40NS754W020K1Ae@ 
40NS904W020K1Ae@ 
40NS115W020K1Ae@ 
40NS135X020K1A 


40NS165X020K1A 
40NS195X020K1A 
40NS235X020K1A 
40NS285X020K1A 
40NS345X020K1A 
40NS415X020K1Ae@ 


40NS505X020K1A@ 
40NS605X020K1Ae@ 
40NS755X020K1Ae@ 
40NS905Y020K1A 
40NS116Y020K1A 
40NS136Y020K1Ae@ 


40NS166Y020K1A@e 
40NS196Y020K1A@ 
40NS236Y020K1Ae@ 
40NS286Z020K1Ae@ 
40NS346Z020K1Ae@ 
40NS416Z020K1Ae@ 


40NS506Z020K1A¢@ 


SERIES 40NS 


Industrial Type Tantalum Capacitors 


CAPACITANCE 
+25°C 120 Hz 


0.0023 
0.0028 
0.0034 
0.0041 


0.005 
0.006 
0.0075 
0.009 
0.011 
0.013 


0.016 
0.019 
0.023 
0.028 
0.034 
0.041 


0.05 
0.06 
0.075 
0.09 
0.11 
0.13 


0.16 
0.19 
0.23 
0.28 
0.34 
0.41 


Insulated 


Case | D+0.010 (.25) | Lt.031 (.79) | D+.010 (.25) 
Size —.015 (.38) 


35 WVDC N.P. 
+10% INSULATED 
23V @ 125°C 


40NS232W035K1A 
40NS282W035K1A 
40NS342W035K1A 
40NS412WO035K1A 


40NS502W035K1A 
40NS602W035K1A 
40NS752W035K1A 
40NS902W035K1A 
40NS113W035K1A 
40NS133W035K1A 


40NS163W035K1A 
40NS193W035K1A 
40NS233W035K1A 
40NS283W035K1A 
40NS343W035K1A 
40NS413W035K1A 


40NS503W035K1A 
40NS603W035K1A 
40NS753W035K1A 
40NS903W035K1A 
40NS114W035K1A 
40NS134W035K1A 


40NS164W035K1A 
40NS194W035K1A 
40NS234W035K1A 
40NS284W035K1A 
40NS334W035K1A 
40NS414W035K1A 


40NS504W035K1A 
40NS604X035K 1A 
40NS754X035K 1A 
40NS904X035K 1A 
40NS115X035K1A 
40NS135X035K1A 


40NS165X035K1A 
40NS195X035K1A 
40NS235X035K1A 
40NS285X035K 1A@ 
40NS345X035K 1A¢@ 
40NS415Y035K1A 


4ONS505Y035K1A 
4ONS605Y035K1A 
40NS755Y035K1A 
4ONS905Y035K1A 
40NS116Y035K1A@ 
40NS136Z035K1A@ 


4ONS166Z035K1A6@ 
40NS196Z035K1A@ 
40NS236Z035K1A@ 


50 WVDC N.P. 
+10% INSULATED 
33 V @ 125°C 


40NS232W050K1Ae@ 
40NS282W050K1A@ 
40NS342W050K1Ae@ 
40NS412W050K1A6@ 


40NS502W050K1A@ 
40NS602W050K1A0@ 
40NS752WO50K1 Ae 
40NSO92WO50K1Ae@ 
40NS113WO050K1Ae@ 
40NS133WO050K1Ae 


40NS163WO50K1Ae@ 
40NS193WO050K1A@ 
40NS233W050K 1A@ 
40NS283W050K1Ae@ 
40NS343W050K1Ae@ 
40NS413W050K1Ae@ 


40NS503W050K1A@ 
40NS603W050K1A@ 
40NS753W050K1A@ 
40NS903W050K 1A@ 
40NS114W050K1Ae@ 
40NS134W050K1Ae 


40NS164W050K1A@ 
40NS194W050K1A@ 
40NS234W050K1Ae@ 
40NS284W050K1A@ 
40NS344W050K 1Ae@ 
40NS414W050K1Ae 


40NS504W050K1A¢@ 
40NS604X050K 1Ae@ 
40NS754X050K 1Ae@ 
40NS904X050K1A@ 
40NS115X050K1Ae@ 
40NS135X050K1Ae@ 


40NS165X050K 1A¢@ 
40NS195X050K1A¢@ 
40NS235X050K1A¢@ 
40NS285Y050K1Ae@ 
40NS345Y050K1Ae@ 
40NS415Y050K1Ae 


40NS505Y050K1A@ 
40NS605Y050K1A@ 
40NS755Y050K1Ae@ 
40NS905 Y050K1A@ 
40NS116Z050K1A@ 


- 


Uninsulated 
L+.031 (.79) 


75 WVDC N.P. 
+10% INSULATED 
SOV @ 125°C 


40NS232W075K1A 
40NS282W075K1A 
40NS342W075K1A 
40NS412W075K1A 


40NS502W075K1A 
40NS602WO075K1A 
40NS752W075K1A 
40NS902W075K1A 
40NS113W075K1A 
40NS133W075K1A 


40NS163W075K1A 
40NS193W075K1A 
40NS233W075K1A 
40NS283W075K1A 
40NS343W075K1A 
40NS413W075K1A 


40NS503W075K1A 
4ONS603W075K1A 
40NS753W075K1A 
40NS903W075K1A 
40NS114W075K1A 
40NS134W075K1A 


40NS164W075K1A 
40NS194W075K1A 
40NS234W075K1A 
40NS284W075K1A 
40NS334W075K1A 
40NS414X075K1A 


40NS504X075K1A 
40NS604X075K1A 
40NS754X075K1A 
40NS904X075K1A¢@ 
40NS115X075K1A 
40NS135X075K1A 


40NS165X075K1A@ 
40NS195X075K1A@ 
40NS235Y075K1A 
40NS285Y075K1A 
4ONS345Y075K1A 
40NS415Y075K1Ae@ 


4ONS505Y075K1A@ 
40NS605Z075K1A@ 


40NS755Z075K1A@ 


d 


d 
Lead Diam. 
+.002 (0.06) 


100 WVDC N.P. 
+10% INSULATED 
67V @ 125°C 


40NS232W100K1Ae@ 
40NS282W100K1Ae@ 
40NS342W100K1Ae 
40NS412W100K1A@e@ 


40NS502W100K1Ae@ 
40NS602W100K1Ae@ 
40NS752W100K1A@e@ 
40NS902W100K1A@ 
40NS113W100K1Ae@ 
40NS133W100K1A@ 


40NS163W100K1Ae@ 
40NS193W100K1A@ 
40NS233W100K1Ae 
40NS283W100K1A@e@ 
40NS343W100K1A¢e 
40NS413W100K1A@ 


40NS503W100K1Ae@ 
40NS603W100K1Ae 
40NS753W100K1Ae@ 
40NS903W100K1A@ 
40NS114W100K1Ae@ 
40NS134W100K1A@ 


40NS164W100K1A@e@ 
40NS194W100k1A@ 
40NS234W100K1Ae 
40NS284W100K1A@e@ 
40NS334X100K1Ae@ 
40NS414X100K1Ae@ 


40NS504X100K 1A@ 
40NS604X100K1Ae@ 
40NS754X100K1Ae@ 


40NS115X100K1Ae@ 
40NS135X100K1A¢@ 


L 


(38.10+6.35) 
1.50+.25 


ont 
3 
nt 
2 
S 
3 
C) 
~ 
® 
Q. 
S 
v 


0.020 (0.51) 
0.020 (0.51) 
0.025 (0.64) 
0.025 (0.64) 


0.750 (19.05) 
1.130 (28.70) 
1.525 (38.74) 
1.725 (43.82) 


0.161 (4.09) 
0.207 (5.26) 
0.314 (7.98) 
0.376 (9.55) 


0.575 (14.61) 
0.955 (24.26) 
1.350 (34.29) 
1.550 (39.37) 


0.150 (3.81) 
0.199 (5.05) 
0.305 (7.75) 
0.368 (9.37) 


0.565 (14.35) 
0.925 (23.50) 
1,345 (34.25) 
1.555 (39.41) 
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SERIES 40NS 


Industrial Type Tantalum Capacitors 


The surge voltages are as follows: 


DESIGN AND CONSTRUCTION Rated WVDC up Derated SURGE VOLTAGE 
° ° ° °o 
Each 40NS type capacitor consists of a highly purified sintered tan- to A Cc —, Cc 85 - i 
talum anode body, utilizing an electrolytically formed oxide dielectric 10 7 13 9 
and a solid electrolyte, soldered in a metal case. Two individual metal 10 20 12 
cases are then connected back-to-back in a metal sleeve. 15 
20 13 26 16 
INSULATION 35 23 46 28 
When specified, a MYLAR* sleeve will be placed over the metal can. 90 33 = a 
The insulation will not soften or creep over the operating temperature 78 50 
RADIAL CONFIGURATION CAPACITANCE 


When radial lead configuration is desired, the negative lead can be 
bent down the side of the metal can. 


Capacitance shall be measured on a polarized bridge, at or referred 
to 120 cps at 25°C. The maximum DC bias shall be 2.2VDC for all A.C. 
measurements. The magnitude of the A.C. signal shall be limited to 
1.0 VRMS. 


LEADS | ; ; row ee eee 
a Lead material is Grade A nickel, tin lead plated to facilitate soldering. | ‘he capacitance so determined shall be within specified initial 
3 Other lead material available on request. capacitance tolerance. 
ery MARKING TOLERANCE Jeg 
. Capacitors will be marked with Philips Components part marking The 40NS Series is available in +20%, +10% and +5% capacitance =. 
Capacitance, voltage, and + signs for polarity as a minimum. Nonpolarity tolerance. 
= is noted by the + on each end. When space permits, capacitance tolerance 
and date code will be added. DISSIPATION FACTOR 
© DF shall be measured on a polarized bridge, at or referred to 120 
DC WORKING VOLTAGE cps at 25°C. The maximum DC bias shall be 2.2 VDC for all A.C. measure- | 
3 40NS Series capacitors are available in 8 voltage ratings applicable ments. The magnitude of the A.C. signal shall be limited to 1.0 VRMS. 
a from —55°C to 85°C without derating, and to 125°C with 2/3 linear derating 
po (see chart under para. 3). This voltage may be applied in either direction. The DF so determined shall not exceed: | 
& These capacitors may be operated with AC only applied. Consult the 0.01 uf to 68 uf 6% DF maximum 
Sy Philips Components Sales Engineerings Dept. for your specific application. 82 uf to 180 uf 8% DF maximum 
7) SURGE VOLTAGE 220 and up 10% DF maximum 
The surge voltage is the maximum DC voltage, including peak AC or 
para . a D.C. LEAKAGE CURRENT 


other pulses, which may be applied for short duration. 
In no case shall the sum of AC voltage and applied DC working 
voltage exceed the working voltage of the capacitor. 


DCL shall not exceed 0.04 uA/ufV, but need not be less than 1 uA 
when determined with a 1000 ohm current limiting resistor in series 
with the test capacitor after a 5 minute application of rated voltage at 
25°C. The DCL at 85° shall not exceed 10 times the 25°C limits. At 
125°C the DCL shall not exceed 12 times the 25°C limits. : 
PART NUMBER SYSTEM 


EXAMPLE 4 0 +N  § 165 


*Copyright, DuPont Company 


A 
[ INDUSTRIAL 


Xx 035 K 1 
I CAPACITANCE TOLERANCE 


0 = UNSLEEVED 
J=+5% K=+10% M=+20% 


1 = SLEEVED 


RATED VOLTAGE @ 85°C 
CASE SIZE 


CAPACITANCE IN PICOFARADS. 

First two digits are significant figures. 

This is number of zeros to follow: 
165 = 1.6 uF 
166 = 16 uF 

SOLID ELECTROLYTE 
SERIES 
AXIAL LEAD 


TANTALUM CAPACITOR 
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SERIES 41PS 


Rectangular Solid Electrolyte Tantalum Capacitor 


DESCRIPTION 


The Philips Components 41PS Series is a solid 
electrolyte sintered tantalum anode capacitor 
body, molded into a rectangular epoxy resin 
package. | 
Available in three sizes, the 41PS Series is manu- 
factured utilizing the highly automated processing 
and assembly techniques which were developed 
for producing established reliability devices. 

- The 41PS Series offers consistent precision dimen- 

sions, precision lead spacing, higher microfarad 

_ per cubic inch, and a very low D.C. leakage current 
and dissipation factor. 


CASE +.015 ( 0.4) 
| SIZE W 
X 


0.4) 
) 


.285( 7.2) Sf 
¥. .360( 9.2) .325(8.3) 
Fd .600(15.2) .375(9.5) 
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1%4+% 


+ 


DIMENSIONS 41PS TYPE — INCHES (mm) 
+.015(0.4) 
T 
( 


s 
= 
= 
: 
Y &Z Cases © 
X Case — W =] . T 2 FE 
BR 
‘ 9 
| 
hai P 
Round Edge of 
Case Denotes Positive 
d —» 
| 
—» s fe S 


Note: Positive indicated by 
Red Dot on top of Case 


d S 
) 


.170(4.3 .025(0.6 .200(5.1) 
a 7143 .025(0.6) .200(5.1) 
.195(4.9) .025(0.6) .200(5.1) 
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SERIES 41PS 


Industrial Type Tantalum Capacitors 


ELECTRICAL SPECIFICATION 


or any other voltage pulses which may be superimposed on the 
rated DC working voltage. 


In no case may the sum of the AC voltage and the applied DC 


CAPACITANCE working voltage exceed the rated DC surge voltage. 


Type 41PS capacitors are measured on a polarized capaci- 
tance bridge. The measurements are made at, or referred to, 120 
cps and 25°C conditions. The AC measuring signal shall be limited 


Rated DC Working Voltage Rated DC Surge Voltage 


to 2 volts peak and have a frequency of 120 cps. The bridge shall —55 to 85 C 125 C0 Up to 85 C 125.0 

have a DC polarizing voltage large enough to prevent a reversal of 

polarity by the AC measuring voltage and at the same time the 6 4 8 ) 

peak AC should not exceed the rated DC working voltage of the 10 7 13 9 

Capacitor. 16 10 20 le 
20 17 33 22 

DISSIPATION FACTOR 35 23 46 28 
50 33 65 40 


The low D.F. of the 41PS type capacitors, even at the extremes 
of the operating temperature range, is another very useful 
characteristic. Dissipation factor is read directly on most 
capacitance bridges when making the capacitance measurement 
discussed above. However, some bridges read ESR (Equivalent 
Series Resistance) in place of dissipation factor in which case the 
following formula is applicable — D.F. = 2-fRC. “R” is the 
equivalent series resistance. All measurements are made at or 
referred to a frequency of 120 cps. 


D.C. LEAKAGE 


PHYSICAL SPECIFICATIONS 


TEMPERATURE RANGE 


Type 41PS will operate from -55° to 85°C without derating. When 
properly derated. reliable operation is possible up to 125°C. 


The leakage current when measured after 5 minutes at rated 
working voltage shall not exceed the DC leakage current limits of 
02 ua/uFVor 1.Quawhichever is greater at25°C.A 1000 current 


VIBRATION 


The capacitors shall be rigidly mounted by suitable case clamps 


ant 
3 
J 
= 
3 
E 
< 
p. 


limiting resistor should be placed in series with the Capacitor 
during DC leakage current measurement. 


At 85°C the maximum leakage will be 10 times the 25°C 
maximum. At 125°C the maximum leakage will not exceed 12.5 
times the 25°C maximum. 


D.C. WORKING VOLTAGE 


and subjected to a simple harmonic motion having a maximum 
amplitude of 0.03” or 15G in 2 mutually perpendicular directions — 
-1 parallel and 1 perpendicular to the cylindrical axis. Capacitors 
shall withstand vibration from 10 to 10,000 cycles at 15G without 
internal damage. The frequency shall be varied uniformly over a 
frequency range of 55-2000 cps in approximately 20 minutes at a 
uniform rate for a total of 4 hours. During the last 2 hour of test the 


test units will be monitored by an instrument capable of detecting 

The 41PS type tantalum capacitors are available in 8 voltage ratings intermittent open or short circuits with a duration of .5 milli- 

and may be operated at full rated voltage from —80°C to +85°C. The seconds or greater. Rated DC voltage will be applied to the units 
41PS type may be further operated up to 125°C by derating the DC working during test. 


voltage in accordance with the following graph and chart: After vibration the capacitors shall meet the initial requirements 


of dissipation factor and leakage current. The capacitance shall 
not change more than +5% from the initial measured value. 


WORKING VOLTS 
VS. OPERATING TEMPERATURE 


LEAD MATERIAL 
100 


Standard construction will include tin lead plated nickel leads for 
soldering. Plain nickel leads are also available for welding. 
TERMINAL STRENGTH 


With the body of the capacitor secured, the leads shall with- 
Stand a 3 lb. load applied in any direction for 30 seconds. 


PERCENT OF RATED VOLTS 


2 50 io 100 125 
TEMPERATURE (C) 


MARKING 


Capacitors will be marked with Philips Components part marking 
Capacitance, voltage and polarity as a minimum. Where space permits, 
Capacitance tolerance, & date code, will be added in that sequence, with 
red dot on top of case indicating polarity. 


SURGE VOLTAGE 


The surge voltage rating (see table above) of the Type 41PS 
capacitor is the maximum short duration voltage which may be 
applied to the capacitor, i.e. “turn on” transients, peak AC voltage 


370 Philips Components * 5900 Australian Avenue - West Palm Beach, FL 33407 « (407) 863-1800 - FAX: (407) 863-1811 


SERIES 41PS 


Industrial Type Tantalum Capacitors 


PART NUMBER SYSTEM 


Xx 010 K 0 A 
i INDUSTRIAL 
UNSLEEVED 


CAPACITANCE TOLERANCE 
= +5% K = +10% M = +20% 


106 


VOLTAGE RATING AT 85 C 


TANTALUM CAPACITOR 


CASE SIZE Ty 

CAPACITANCE IN PICOFARADS. | 

First two digits are significant figures. ry 

Third digit number of zeros to follow: —~< 

Ex: 106 = 10 uF & 

107 = 100 uF =| 
SOLID ELECTROLYTE g 

& 

SERIES Ss 
st) 

RADIAL LEAD 0° 
~t 

S 

~” 


- Maximum 

Capacitance Philips Components Dissipation 

uf 25°C Part ee Factor, % 
120 cps =10% 25 C 120 cps 


a Maximum 
Capacitance rain big Dissipation 


uf 25°C +40% Factor, % 
120 cps 25°C 120 cps 


6 VOLT RATING AT 85°C 


41PS105X006KOA 
41PS125X006KOA 
41PS155X006KOA 
41PS185X006K0A 


10 VOLT RATING AT 85 C 


41PS105X010KOA 
41PS125X010K0A 
41PS155X010K0A 
41PS185X010KOA 


©) O) O) O) 


41PS225X006K0A 
41PS275X006KOA 
41PS335X006K0A 
41PS395X006KO0A 
41PS475X006KOA 
41PS565X006KOA 
41PS685X006KO0A 
41PS825X006KO0A 
41PS106X006KO0A 
41PS126X006KOA 
41PS156X006KOA 
41PS186X006KO0A 
41PS226X006KOA 
41PS276YO06KOA 
41PS336Y006KO0A 
41PS396YO06KOA 
41PS476YO06KOA 
41PS566YO06KOA 
41PS686YO006KO0A 
41PS826Z006KOA 
41PS107Z006KOA 
41PS127Z006KOA 
41PS157Z006KOA 
41PS187ZO006KOA 
41PS227ZO006KOA 


ODDDDMDDDAWMDWDDDMNDDDDNMDAA MD OO OA 


_ 


41PS225X010K0A 
41PS275X010K0A 
41PS335X010K0A 
41PS395X010KOA 
41PS475X010KO0A 
41PS565X010KO0A 
41PS685X010KOA 
41PS825X010KOA 
41PS106X010KOA 
41PS126X010KO0A 
41PS156Y010KOA 
41PS186Y010KOA 
41PS226Y010K0A 
41PS276Y010K0A 
41PS336Y010K0A 
41PS396Y010K0A 
41PS476Z010KOA 
41PS566Z010KOA 
41PS686Z010KOA 
41PS826Z010KOA 
41PS107Z010KOA 
41PS127Z010KOA 
41PS157Z010K0A 
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SERIES 41PS 


Industrial Type Tantalum Capacitors 


Maximum pallinaGe - apealrele 
: itanc ili Dissipation Capacitance lips Componen Dissipation 
area epart Number | Factor, % uf 25°C es ech i 
120 cps . +10% 25°C 120 cps 120 cps 10% 25°C 120 cps 
10 41PS105X015K0A 6 41PS105X025KO0A 6 
1.2 41PS125X015K0A 6 41PS125X025K0A 6 
1,5 41PS155X015K0A 6 ee : 
1.8 41PS185X015K0A 6 
2.2 41PS225X015K0A 6 41PS225X025K0A 6 
2.7 41PS275X015K0A 6 41PS275X025K0A 6 
Cao 41PS335X015K0A 6 41PS335X025K0A 6 
3.9 41PS395X015K0A 6 41PS395X025K0A 6 
4.7 41PS475X015K0A 6 41PS475X025K0A 6 
baa 5.6 41PS565X015K0A 6 a eases 8 : 
_— 6.8 41PS685X015K0A 6 
4 8.2 41PS825xX015KOA 6 41PS825Y025K0A 6 
re, 41PS106Y015KOA 6 41PS106Y025K0A 6 
Pe) 41PS126Y015K0A 6 41PS126Y025K0A 6 
= 41PS156Y015KOA 6 41PS156Y025K0A 6 
41PS186Y015K0A 6 41PS186Z025K0A 6 
: 41PS226Y015K0A 6 41PS226Z025K0A 6 
| 41PS276Y015KO0A 6 41PS276Z025K0A 6 
Q | .41PS336Z015K0A 8 41PS336Z025K0A 6 
~41PS396Z015K0A 8 41PS396Z025K0A 6 
41PS476Z015KOA 8 41PS476Z025K0A 6 
41PS566Z015KOA 8 
41PS686Z015K0A 8 
+ 41PS826Z015K0A 8 
\~) 
| 
A Maximum Maximum 
Capacitance Philips Components Dissipation Capacitance Philips Components Dissipation 
uf 25°C Part Number Factor, % uf 25°C Part Number Factor, % 
120 cps +10% 25 C 120 cps 120 cps +410% 25°C 120 cps 


OOTP OOM +a a 
NVOADNOWNNMY ANNO 


41PS104X035KOA 
41PS124X035K0A 
41PS154X035KOA 
41PS184X035KOA 
41PS224X035K0A 
41PS274X035KOA 
41PS334X035KO0A 
41PS394X035K0A 
41PS474X035K0A 
41PS564X035KO0A 
41PS684X035KO0A 
41PS824X035K0A 
41PS105X035KOA 
41PS125X035K0A 
41PS155X035KOA 
41PS185X035KO0A 
41PS225X035K0A 
41PS275X035K0A 
41PS335X035KO0A 
41PS395Y035K0A 


41PS475Y035K0A 


41PS565Y035K0A 
41PS685Y035K0A 
41PS825Y035K0A 
41PS106Y035K0A 
41PS126Z035K0A 
41PS156Z035KO0A 
41PS186Z035K0A 
41PS226Z035KOA 
41PS276Z035K0A 
41PS336Z035KO0A 


PRMMDVOMOMDMMDMADMAAADMAAMMAADADHDHADAHDHHAHDDOO 


41PS104X050K0A 
41PS124X050K0A 
41PS154X050K0A 
41PS184X050K0A 
41PS224X050K0A 
41PS274X050K0A 
41PS334X050K0A 
41PS394X050K0A 
41PS474X050K0A 
41PS564X050K0A 
41PS684X050KO0A 
41PS824X050KO0A 
41PS105X050K0A 
41PS125X050K0A 
41PS155X050K0A 
41PS185X050K0A 
41PS225X050K0A 
41PS275Y050K0A 
41PS335Y050K0A 
41PS395Y050K0A 
41PS475Y050K0A 
41PS565Y050K0A 
41PS685Z050K0A 
41PS825Z050KOA 
41PS106ZO50KOA 
41PS126Z050KOA 
41PS156Z050KO0A 
41PS186Z050KO0A 
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SERIES 40SS 
Solid Electrolyte Tantalum Capacitor 


a 
“J 
= 
3 
C) 
~ 
e 
S 
i) 


DESCRIPTION FEATURES 


The 40SS type. solid tantalum capacitors are mHERMETIC SEAL 

products of extensive research and development 

activities. While their unique design makes the "LOWEST DC LEAKAGE CURRENT 

40SS type capacitors extremely stable over @ g REDUCED ESR RESULTING IN LOW DISSIPATION 
wide temperature range, their high purity, porouS FACTOR 

sintered tantalum anode and highly refined tan- 

talum oxide dielectric result in capacitors with #= MINIMAL CHANGE IN CAPACITANCE AT 

low DC leakage currents and low dissipation § "=MPERATURE EXTREMES 


factor values. = HERMETIC DEVICE 
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SERIES 40SS 


Industrial Type Tantalum Capacitors 


ELECTRICAL CHARACTERISTICS 


DC WORKING VOLTAGE 

40SS Type Tantalum Capacitors are available in 8 voltage ratings and 
may be operated at full rated voltage from 80°C to +85°C. The ‘“‘S” type 
may be further operated up to 125°C by derating the DC working 
voltage in accordance with the following graph and chart: 


WORKING VOLTS 
s VS. OPERATING TEMPERATURE 
= ee EM CATS BTS eR CS 
SS Bg fe ee 
Q 
= ao Lee] 
am 
40 a ee ee ee ee 
2 50, ag ee ee er 
O 
if op ES i aes 
25 50 75 . &5 100 125 
TEMPERATURE (C) 
Rated DC Working Voltage Rated DC Surge Voltage 
Up to 85°C 125°C Up to 85°C 125°C 
6 4 8 5 
10 7 13 9 
15 10 90 12 
20 13 26 16 
35 93 46 28 
50 33 65 40 
75 50 97 64 
100 66 130 86 
SURGE VOLTAGE 


The surge voltage rating (see table above) of the 40SS Type capacitor 
is the maximum short duration voltage which may be applied to the 
capacitor; i.e., “turn on’ transients, peak AC voltage, or any other voltage 
pulses which may be superimposed on the rated DC working voltage. 

In no case may the sum of the AC voltage and the applied DC working 
voltage exceed the rated DC surge voltage. 


SURGE VOLTAGE TEST 

Appropriate surge voltage shall be applied to the test capacitor(s) 
through a 1000 ohm series limiting resistor for 30 seconds. The test 
capacitors shall then be discharged through the 1000 ohm resistor for 
9% minutes. This charge discharge cycle shall be repeated 2000 times. 

Following the surge test the following requirements must be met: 

A. Capacitance shall not change more than +5%. 

B. Dissipation Factor shall meet initial requirements. 

C. DC Leakage Current shall meet initial requirements. 


CAPACITANCE RATINGS 
The 40SS Type Capacitors are available from .0047 MFD to 330 MFD 
in an incremental series of nominal values so chosen that the minimum 


and maximum allowable tolerance of two successive ratings overlap. In. 


the tabulation of standard ratings you will find nominal ratings for +10% 
tolerance series. 

Intermediate values for a +5% and +20% tolerance series are avail- 
able on special order. 
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CAPACITANCE MEASUREMENT 

40SS Type capacitors are measured on a polarized capacitance bridge. 
The measurements are made at, or referred to, 120 hz and 25°C conditions. 
The AC measuring signal shall be limited to 2 volts peak and have a 
frequency of 120 hz. The bridge shall have a DC polarizing voltage large 
enough to prevent a reversal of polarity by the AC measuring voltage and 
at the same time the peak AC measuring voltage and at the same time 
the peak AC should not exceed the rated DC working voltage of the 
Capacitor. 


CAPACITANCE CHANGE WITH TEMPERATURES 

One of the most significant characteristics of the “40SS” Type Capaci- 
tor Series is the relatively small change in capacitance at temperature 
extremes compared to other types of electrolytic capacitors. 


The change in capacitance from the initial 25°C measured capacitance | 


shall not exceed the following percentages: 


MAX. CHANGE 
TEMPERATURE | IN CAPACITANCE 


DISSIPATION FACTOR 

DF shall be measured on a polarized bridge, at or referred to 120 cps 
at 25°C. The maximum DC bias shall be 2.2 VDC for all AC measure- 
ments. The magnitude of the AC signal shall be limited to 1.0 VRMS. 


The DF so determined shall not exceed: 
0.01 uf to 56 uf 
68 uf to 120 uf 
150 uf and Up 


6% DF maximum 
8% DF maximum 
10% DF maximum 


D.C. LEAKAGE CURRENT i 

_ When measured at 25°C, rated voltage, and after a 5 minute electri- 
fication period, the values in no case need be less than 1 uA or .02uA/ufV, 
whichever is greater. At 85°C the leakage will not exceed 10 times the 
25°C limit and at 125°C will not exceed 12 times the 25°C limit. 


LIFE TEST | 

Capacitors shall be life tested for 2000 hours at 85°C or 125°C with 
the appropriate DC working voltage applied. After life test when measured 
at 25°C the dissipation factor shall meet the initial requirement. This 
leakage current shall not be more than 125% of the original requirements 
and capacitors shall not have changed more than +10% from the initial 
value. 
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SERIES 40SS 


Industrial Type Tantalum Capacitors 


PHYSICAL ENVIRONMENTS 


The 40SS Type Solid Electrolyte Tantalum Capacitors are capable 
of meeting the following requirements on environmental test. 

In the interest of standardization, these tests follow very closely the 
testing specified in military specifications on solid tantalums. They do not 
represent the maximum environment capabilities of the M/C 40SS Type. 

For more extreme conditions the M/C Capacitor Engineering Depart- 
ment should be consulted. 


LOW FREQUENCY VIBRATION 

The capacitors shall be rigidly mounted by suitable case clamps and 
subjected to a simple harmonic motion having a maximum amplitude of 
0.03" The frequency shall be varied uniformly over a frequency range 
of 10-55 Hz in approximately 1 minute at a uniform rate for a total of 
2 hours. Rated DC voltage will be applied to the units during test. During 
the last % hour of test, the test units will be monitored by an instrument 
capable of detecting intermittent open or short circuits with a duration of 
.5 milliseconds or greater. 

After vibration the capacitors shall meet the initial requirements of 
dissipation factor and leakage current. The capacitance shall not change 
more than +5% from the initial measured value. 


HIGH FREQUENCY VIBRATION 

The capacitors shall be rigidly mounted by suitable case clamps and 
subjected to a simple harmonic motion having a maximum amplitude 
of 0.03" or 15G in 2 mutually perpendicular directions—1 parallel and 
1 perpendicular to the cylindrical axis. Capacitors shall withstand vibra- 
tion from 10 to 10,000 Hz at 15g without internal damage. The frequency 
shall be varied uniformly over a frequency range (f55-2000 Hz in approxi- 
mately 20 minutes at a uniform rate for a total of 4 hours. During the 
last % hour of test the test units will be monitored by an instrument 
capable of detecting intermittent open or short circuits with a duration 
of .5 milli-seconds or greater. Rated DC voltage will be applied to the 
units during test. 

After vibration the capacitors shall meet the initial requirements of 
dissipation factor and leakage current. The capacitance shall not change 
more than +5% from the initial measured value. 


PULL TEST 
With the body of the capacitor secured, the leads shall withstand a 
3 Ib. load applied in any direction for 30 seconds. 


BEND TEST 

Each capacitor lead shall be capable of withstanding 5 bends. A bend 
shall be defined as follows: 

With the capacitor vertical and a 1 lb. weight attached to the lead, 
the capacitor body shall be slowly rotated (in approximately 5 seconds) 
to a horizontal position and then rotated to the vertical position. The 
4 succeeding bends shall then be made in the same manner but in 
alternate directions. 


MOISTURE RESISTANCE 
40SS type capacitors shall be tested in accordance with method 
106 of MIL Standard 202. The following details and exceptions shall apply: 
a. Mounting—The capacitors shall be securely mounted by normal 
mounting means during the test. This does not apply during measure- 
ments. | 
b. Initial measurements are not applicable. 
c. Polarization and loading voltages are not applicable during the test. 
d. Final Measurements—With 2-6 hours after the capacitors have been 
removed from the humidity chamber following the final cycle, the 
DC leakage, capacitance and dissipation factor shall be measured 
as specified. 
e. Examinations After Test—Following the final measurements the 
capacitors shall be examined visually for evidence of corrosion, 
mechanical damage and obliteration of marking. 


Philips Components * 5900 Australian Avenue « West Palm Beach, FL 33407 (407) 863-1800 « FAX: (407) 863-1811 


INSULATING SLEEVES 

For insulated capacitors, the insulating sleeves shall be tested as 
follows for dielectric strength and insulation resistance. 

Two wire windings shall be placed around the insulating sleeves 14" 
apart. Each winding to consist of 2 close turns of 24AWG bare copper wire. 


DIELECTRIC STRENGTH 

For dielectric strength a DC test potential of 2000 V shall be applied 
for 1 minute between the 2 windings. There shall be no breakdown of 
case insulation. 


INSULATION RESISTANCE 

For insulation resistance a DC test potential of 100 V shall be applied 
for 2 minutes. The insulation resistance shall not be less than 100 
megohms. | 


SHELF LIFE TEST 

When the capacitors have been exposed to 5000 hours shelf life test 
at 85°C with no voltage applied capacitance shall not change more than 
+4% from the initial measured value. The dissipation factor shall not 
exceed 150% of the initial requirement and the leakage current shall 
meet the initial requirement. 


SHOCK 

The capacitors shall be tested for shock resistance in accordance with 
MIL Standard 202A methods 205 with the following exceptions. 

a. The capacitors shall be rigidly mounted by suitable body clamps. 

b. The capacitor shall be subjected to 20 impacts of 50g with an 11 

milli-seconds duration. Ten impacts to be applied in the direction of 
the longitudinal axis, and 10 impacts in a plane normal to the longi- 
tudinal axis of the capacitor. 

c. Rated DC voltage shall be applied to the capacitors during the shock 

test. 

The test units shall be monitored during test by an instrument capable 
of detecting intermittent open and short circuits with a duration of .5 
milli-seconds or greater. 

After test the capacitors shall meet the initial requirements of capaci- 
tance, dissipation factor and leakage requirements. 


THERMAL SHOCK AND IMMERSION CYCLING 

After the capacitors are tested as specified in 8A and 8B, the DC 
leakage current shall meet the initial requirement. The capacitance 
change shall not exceed +5% of the value measured prior to test and the 
dissipation factor shall meet the initial requirement. When examined 
visually, at least 90% of all exposed metallic surfaces shall show no evi- 
dence of harmful corrosion. When examined internally there shall be no 
evidence of dye penetration. 


THERMAL SHOCK 
Capacitors shall be tested in accordance with Method 107 of MIL 
Standard 202. The following exceptions and details shall apply: 

a. Capacitors should be conditioned at a temperature of 25°C for 15 
minutes before the first cycle of test one. 

b. The B test condition will be followed except that in the third step 
thereof, the capacitors will be subjected to a test at the highest 
applicable temperature. 

c. Measurements before and after cycling may be omitted. 
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SERIES 40SS 


Industrial Type Tantalum Capacitors 


IMMERSION CYCLING 

After temperature cycling, a capacitor test should be made following 
Method 104 set down in MIL Standard 202. The following details and 
exceptions, however, shall apply: 

a. A non-corrosive dye, Rhodamine B (tetraethylrhodamine), or its 
equivalent, shall be added in both baths in addition to steps provided 
in test condition B. 

b. Measurements after final cycle—Measurements of DC leakage, 
capacitance and dissipation factor shall be made within 30 minutes 
after the capacitors are removed from the final immersion bath. 

c. Examinations after test—The capacitors shall be visually examined ~ 
for traces of corrosion, mechanical damage, and obliteration of 5 
marking. Capacitors shall then be sectioned for evidence of dye ; 
penetration. c 


REDUCED PRESSURE 

After the capacitors have been stabilized for 5 minutes in a vacuum of 
1.69 x 10! Torr., rated DC voltage shall be applied for 1 minute. There 
shall be no voltage flash over nor shall the end seals show evidence of 
damage by this test. The capacitance, dissipation factor, and leakage 
current shall meet the initial requirements. 


LEAD MATERIAL 
Standard construction will include tin lead plated leads for soldering. 
Plain nickel leads are also available for welding. 


MARKING | 
Capacitors shall be marked with Philips Components part marking rated 
capacitance, tolerance, polarity, rated DC working voltage, date code 


where space permits. Polarity will be marked on one end with a + sign 
to identify the positive terminal. 
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SERIES 40SS 


Industrial Type Tantalum Capacitors 


PHILIPS COMPONENTS PART NUMBERING SYSTEM 


1 A 
i COMMERCIAL 


O = UNSLEEVED 
1 = SLEEVED 


EXAMPLE: 
O S S 105 A 050 K 


CAPACITANCE TOLERANCE 
J=+t5", K=ti0°8» M= +20°% 


VOLTAGE RATING © 85 C 


CASE SIZE 


CAPACITANCE IN PICOFARADS Ty 
First two digits are significant figures. | 
Third is number of zeros to follow: eh 
105 =-1.0.ur & 
106 = 10 uF . 
SOLID ELECTROLYTE 3 
SERIES 2) 
% 
AXIAL LEAD 3 
% 
TANTALUM CAPACITOR QO. 
5 
—»| od 
Cae Ree Pr 


-€ 


DIMENSIONS — INCHES (mm) 


d 
+.016 (0.41) D +.016 (0.41) Cc Lead Dia. Lead Length 
—.015 (0.38); L+.031 (.079) —.015 (0.38) L+.031 Max. d+002 (0.05)| I+.25 (46.40) 


0.125 (3.18) 0.250 ( 635) 0.135 (3.43) 0.286 ( 7.26) | (10.72) 0.020 (0.51) 
610 
0.175 (4.45) 0.438 (11.12) 0.185 (4.70) 0.474 (12.04) | (15.49) 0.020 (0.51) 


822 
0.279 (7.10) 0.650 (16.50) 0.289 (7.34) 0.686 (17.42) | (20.88) 0.025 (0.64) 


922 
0.341 (8.65) 0.750 (19.05) 0.351 (8.92) 0.786 (19.96) | (23.42) 0.025 (0.64) 
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SERIES 40SS 


Industrial Type Tantalum Capacitors 


+25°C 


120Hz 


0047 
0056 
0068 
0082 


OF 

012 
01D 
018 
O22 
027 


033 
039 
047 
056 
.068 
082 


d 

12 
WS 
18 
ae 
wer 


6 WVDC DCL 
CAPACITANCE +10% INSULATED @ 25°C 
4V @ 125°C TYPICAL 

40SS472A006K1A 0.1 
40SS562A006K1A 0.1 
40SS682A006K1A 0.1 
40SS822A006K1A 0.1 
40SS103A006K1A 0.1 
40SS123A006K1A 01 
40SS153A006K1A 0.1 
40SS183A006K1A 0.1 
40SS223A006K1A 0.1 
40SS273A006K1A 0.1 
40SS333A006K1A 0.1 
40SS393A006K1A 0.1 
40SS473A006K1A 0.1 
40SS563A006K1A 0.1 
40SS683A006K1A 0.1 
40SS823A006K1A 0.1 
40SS104A006K1A 0.5 
40SS124A006K1A OS 
40SS154A006K1A 05 
_ 40SS184A006K1A 05 
40SS224A006K1A 0.5 
40SS274A006K1A 0.5 
40SS334A006K1A OS 
40SS394A006K1A 0.5 
40SS474A006K1A 0,5 
40SS564A006K1A D.6 
40SS684A006K1A 0:5 
40SS824A006K1A 0.5 
40SS105A006K1A 0,5 
40SS125A006K1A 0.5 
40SS155A006K1A 05 
40SS185A006K1A 0.9 
40SS225A006K1A 0.5 
40SS275A006K1A 0.5 
40SS335A006K1A 0.5 
40SS395A006K1A eh) 
40SS475A006K1A 0.5 
40SS565A006K1A 05 
40SS685A006K1A 0.5 
40SS825A006K1A 0.5 
40SS106BO06K1A OS 
40SS126BO06K1A 0.5 
40SS156BOO06K1A 1,0 
40SS186BO06K1A 1.0 
40SS226BO06K1A 1.0 
40SS276BO06K1A 16 
40SS336BO06K1A 1.0 
40SS396BO06K1A 1.0 
40SS476BO06K1A 2.0 
4O0SS566BO06K1A 20 
40SS686CO06K1A 3.0 
40SS826CO06K1A 3.0 
40SS107COO06KiA 3.0 
40SS127COO6K1A 3.0 
40SS157COO6K1A 6.0 
40SS187CO06K1A 6.0 
40SS227D006K1A 6) 
40SS277D006K1A 6.0 
40SS337DO06K1A 10.0 
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STANDARD RATINGS 


10 WVDC 


DCL 
+10% INSULATED @ 25°C 


7V @ 125°C 


40SS472A010K1A 
40SS562A010K1A 
40SS682A010K1A 
40SS822A010K1A 


40SS103A010K1A 
40SS123A010K1A 
40SS153A010K1A 
40SS183A010K1A 
40SS223A010K1A 
40SS273A010K1A 


40SS333A010K1A 
40SS393A010K1A 
40SS473A010K1A 
40SS563A010K1A 
40SS683A010K1A 
40SS823A010K1A 


40SS104A010K1A 
40SS124A010K1A 
40SS154A010K1A 
40SS184A010K1A 
40SS224A010K1A 
40SS274A010K1A 


40SS334A010K1A 
40SS394A010K1A 
40SS474A010K1A 
40SS564A010K1A 
40SS684A010K1A 
40SS824A010K1A 


40SS105A010K1A 
40SS125A010K1A 
40SS155A010K1A 
40SS185A010K1A 
40SS225A010K1A 
40SS275A010K1A 


40SS335A010K1A 
40SS395A010K1A 
40SS475A010K1A 
40SS565B010K1A 
40SS685B010K1A 
40SS825B010K1A 


40SS106B010K1A 
40SS126B010K1A 
40SS156BO010K1A 
40SS186BO10K1A 
40SS226B010K1A 
40SS276B010K1A 


40SS336B010K1A 
40SS396B010K1A 
40SS476CO10K1A 
40SS566C010K1A 
40SS686C010K1A 
40SS826C010K1A 


40SS107CO10K1A 
40SS127CO10K1A 
40SS157D010K1A 
40SS187D010K1A 
40SS227D010K1A 


TYPICAL 


SSoo0o SoCOCOSG DmeGo 


SS Se a ee ee 


15 WVDC DCL 

+10% INSULATED @ 25°C 
10V @ 125°C TYPICAL 

40SS472A015K1A G3 
40SS562A015K1A 0.1 
40SS682A015K1A 0.1 
40SS822A015K1A 0,1 
40SS103A015K1A 0.1 
40SS123A015K1A 0.1 
40SS153A015K1A 0.1 
40SS183A015K1A 0.1 
40SS223A015K1A 0.1 
40SS273A015K1A 0.1 
40SS333A015K1A 0.1 
40SS393A015K1A 0.1 
40SS473A015K1A 0.1 
40SS563A015K1A 0.1 
40SS683A015K1A 0.1 
40SS823A015K1A 0.1 
40SS104A015K1A 0.5 
40SS124A015K1A aes) 
40SS154A015K1A 0.5 
40SS184A015K1A 0.5 
40SS224A015K1A O05 
40SS274A015K1A 0.5 
40SS334A015K1A 0.5 
40SS394A015K1A Cs 
40SS474A015K1A OS 
40SS564A015K1A Os 
40SS684A015K1A 0.5 
40SS824A015K1A OS 
40SS105A015K1A 0.5 
40SS125A015K1A 05 
40SS155A015K1A 0.5 
40SS185A015K1A 05 
40SS225A015K1A 0.5 
40SS275A015K1A 0.5 
40SS335A015K1A 0.5 
40SS395B015K1A 05 
40SS475BO15K1A 1.0 
40SS565B015K1A 1.0 
40SS685B015K1A 1.0 
40SS825B015K1A 1.0 
40SS106B015K1A 1.0 
40SS126B015K1A 1.0 
40SS156BO15K1A 2.0 
40SS186B015K1A 2.0 
40SS226B015K1A 3.0 
40SS276CO15K1A 3.0 
40SS336CO15K1A 3.0 
40SS396CO15K1A 30 
40SS476CO15K1A 6.0 
40SS566CO15K1A 6.0 
40SS686CO015K1A 6.0 
40SS826D015K1A 6.0 
40SS107D015K1A 6.0 
40SS127D015K1A 6.0 
40SS157D015K1A 10.0 


20 WVDC DCL 
+10% INSULATED @ 25°C 

13V @ 125°C —s TYPICAL 
40SS472A020K1A_—_- 0.1 
40SS562A020K1A_—s ‘0.1 
40SS682A020K1A —_ 0.1 
40SS822A020K1A _—O..1 
40SS103A020K1A —s_‘ 0.1 
40SS123A020K1A—_‘O.1 
40SS153A020K1A —s_‘O.1 
40SS183A020K1A —-_ 0.1 
40SS223A020K1A —_ 0.1 
40SS273A020K1A —_ 0.1 
40SS333A020K1A —s-_- 0.1 
40SS393A020K1A —_ 0.1 
40SS473A020K1A—s 0.1 
40SS563A020K1A —_—.1 
40SS683A020K1A —_ 0.1 
40SS823A020K1A—s_ ‘0.1 
40SS104A020K1A—ssO.5 
40SS124A020K1A—s- O.5 
40SS154A020K1A—s(O.S 
40SS184A020K1A ss «O..5 
40SS224A020K1A—s«OO..5 
40SS274A020K1A—s- «0.5 
40SS334A020K1A —s--O.5 
40SS394A020K1A —s--0.5 
40SS474A020K1A—s-_“O0.5 
4OSS564A020K1A ss“. 
40SS684A020K1A—s_«OO.5 
40SS824A020K1A («0.5 
40SS105A020K1A —s-—0.5 
40SS125A020K1A —s-—OO.5 
40SS155A020K1A—s—«O0.5 
40SS185A020K1A —s“O.5 
40SS225A020K1A —s_“O0.5 
40SS275B020K1A = O0.5 
40SS335B020K1A 1.0 
40SS395B020K1A 1.0 
40SS475B020K1A 1.0 
40SS565B020K1A 1.0 
40SS685B020K1A 1.0 
40SS825B020K1A 1.0 
40SS106B020K1A 1.0 
40SS126B020K1A —-_ 2.0 
40SS156B020K1A = 3.0 
40SS186C020K1A _— 3.0 
40SS226C020K1A _— 3.0 
40SS276C020K1A —.3.0 
40SS336C020K1A 3.0 
40SS396C020K1A — 3.0 
40SS476C020K1A _— 6.0 
40SS566D020K1A _—- 6.0 
40SS686D020K1A _— 6.0 
40SS826D020K1A_ _—- 6.0 
40SS107D020K1A _— 10.0 
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SERIES 40SS 


Industrial Type Tantalum Capacitors 
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STANDARD RATINGS 
35 WVDC DCL 50 WVDC DCL 75 WVDC DCL 100 WVDC DCL 
CAPACITANCE +10% INSULATED @25°C +10% INSULATED @25°C +10% INSULATED @ 25°C +10% INSULATED @25°C iF 
+25°C 120 Hz 23V @ 125°C TYPICAL 33V @ 125°C TYPICAL 50V @ 125°C TYPICAL 67V @ 125°C TYPICAL 
.0047 40SS472A035K1A 0.1 40SS472A050K1A 0.1 40SS472A075K1A 0.5 40SS472A100K1A 0.5 .0047 
.0056 40SS562A035K1A 0.1 40SS562A050K1A 0.1 40SS562A075K1A 0.5 40SS562A100K1A 0.5 .0056 
.0068 40SS682A035K1A 0.1 40SS682A050K1A 0.1 40SS682A075K1A 0.5 40SS682A100K1A 0.5 0068 
.0082 40SS822A035K1A 0.1 40SS822A050K1A 0.1 40SS822A075K1A 0.5 40SS822A100K1A 0.5 .0082 
01 40SS103A035K1A 0.1 40SS103A050K1A 0.1 40SS103A075K1A ees) 40SS103A100K1A 0.5 01 
012 40SS123A035K1A 0.1 40SS123A050K1A 0.1 40SS123A075K1A 05 40SS103A100K1A 05 012 
O15 40SS153A035K1A 0.1 40SS153A050K1A 0.1 40SS153A075K1A 0.5 .40SS153A100K1A 0.5 O15 
018 40SS183A035K1A 0.1 40SS183A050K1A 0.1 40SS183A075K1A 0.5 40SS183A100K1A 0.5 .108 
022 40SS223A035K1A 0.1 40SS223A050K1A 0.1 40SS223A075K1A 0.5 40SS223A100K1A O5 022 
O27 40SS273A035K1A 0.1 40SS273A050K1A 0.1 40SS273A075K1A 0.5 40SS273A100K1A 0.5 027 
033 40SS333A035K1A 0.1 40SS333A050K1A 0.1 40SS333A075K1A 0.5 40SS333A100K1A 0.5 033 mal 
.039 40SS393A035K1A 0.1 40SS393A050K1A 0.1 40SS393A075K1A 05 40SS393A100K1A 0.5 .039 ety 
047 40SS473A035K1A 0.1 40SS473A050K1A 0.1 40SS473A075K1A 65 40SS473A100K1A 0.5 047 | 
.056 40SS563A035K1A 0.1 40SS563A050K1A 0.1 40SS563A075K1A 0.5 40SS563A100K1A 0.5 .056 ey, 
.068 40SS683A035K1A ol 40SS683A050K1A 0.1 40SS683A075K1A 0.5 40SS683A100K1A 0.5 .068 a 
082 40SS823A035K1A 0.1 40SS823A050K1A 0.1 40SS823A075K1A 05 40SS823A100K1A 0.5 .082 e 
‘i 40SS104A035K1A 0.5 40SS104A050K1A 0.5 40SS104A075K1A 0.5 40SS104A100K1A 0.5 a eS 
12 40SS124A035K1A 0.5 40SS 124A050K1A 0.5 40SS124A075K1A 05 40SS124A100K1A 0.5 2 
1 40SS154A035K1A 0.5 40SS154A050K1A 0.5 40SS154A075K1A 05 40SS154A100K1A 0.5 Ve ?) 
18 40SS184A035K1A 0.5 40SS184A050K1A 05 40SS184A075K1A 0.5 40SS184A100K1A 0.5 18 g 
22 40SS224A035K1A 0.5 40SS224A050K1A 05 40SS224A075K1A 0.5 40SS224A100K1A 05 ae 3S 
Rea 40SS274A035K1A 056 40SS274A050K1A 0.5 40SS274A075K1A 0.5 40SS274A100K1A 0.5 a7 % 
Oo 40SS334A035K1A 0:5 40SS334A050K1A 05 40SS334A075K1A 0.5 40SS334A100K1A 0.5 RSS| oO 
39 40SS394A035K1A 0.5 40SS394A050K1A 05 40SS394A075K1A 05 40SS394A100K1A 0.5 39 eh 
47 40SS474A035K1A 0.5 40SS474A050K1A 0.5 40SS474A075K1A 0.5 40SS474A100K1A 0.5 47 8 
56 40SS564A035K1A 0.5 40SS564A050K1A 05 40SS564A075K1A 0.5 40SS564A100K1A 0.5 56 a | 
68 40SS684A035K1A 0.5 40SS684A050K1A 0.5 40SS684A075K1A 05 40SS684B100K1A 05 68 ~ 
82 40SS824A035K1A 0.5 40SS824A050K1A 05 40SS824B075K1A 0.5 40SS824B100K1A 0:5 82 
1.0 40SS105A035K1A 05 40SS105A050K1A 0.5 40SS105B075K1A 0.5 40SS105B100K1A 0.5 1.0 
1.2 40SS125B035K1A 0.5 40SS125B050K1A 0.5 40SS125B075K1A 0.5 40SS125B100K1A 0.5 12 
15 40SS155BO035K1A OS 40SS155BO50K1A 0.5 40SS155BO075K1A 1.0 40SS155B100K1A 1.0 15 
1.8 40SS185BO035K1A 0.5 40SS185BO050K1A 0.5 40SS185B075K1A 1.0 40SS185B100K1A 10 1.8 
22 40SS225B035K1A 1.0 40SS225BO50K1A 1.0 40SS225BO075K1A 1.6 40SS225B100K1A 15 2.2 
eae 40SS275B035K1A 1.0 40SS275BO50K1A 1.0 40SS275B075K1A 15 40SS275B100K1A 1.5 24 
33 40SS335B035K1A 1.0 40SS335BO050K1A 20 40SS335B075K1A 2.0 3.3 
3.9 40SS395B035K1A 1.0 40SS395B050K1A 2.0 40SS395B075K1A 2.0 3.9 
4.7 40SS475B035K1A 1.0 40SS475B050K1A 30 40SS475C075K1A 6.0 4.7 
5.6 40SS565B035K1A 1.0 40SS565CO50K1A CHO) 40SS565C075K1A 6.0 5.6 
6.8 40SS685B035K 1A 2.0 40SS685C050K1A 5.0 40SS685C075K1A 100 6.8 
Siz 40SS825CO035K1A 3.0 40SS825C050K1A 3.0 40SS825C075K1A 10.0 
10 40SS 106C035K1A 3.0 40SS 106CO50K1A 3.0 40SS106CO75K1A 10.0 10. 
12 40SS126C035K1A 3.0 40SS126CO50K1A 3.0 40SS126D075K1A 10.0 12. 
15 40SS156C035K1A 3.0 40SS156CO50K1A 6.0 40SS156D075K1A 12.0 15, 
18 40SS186C035K1A 3.0 40SS186CO50K1A 6.0 
22 40SS226C035K1A 6.0 40SS226D050K1A 6.0 
27 40SS276D035K1A 6.0 
33 40SS336D035K1A 6.0 
39 40SS396D035K1A 6.0 
47 40SS476D035K1A 10.0 
CASE SIZE — The case size in the tabulation above is 
indicated by the use of the eighth char- 
acter in the part number. 
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SERIES 40TS 


Miniature Hermetic Seal 


Solid Electrolyte Tantalum Capacitor 


DESCRIPTION 


Philips Components 40TS is a miniature herme- 
tically sealed solid electrolyte sintered tantalum 
anode capacitor. 


The construction offers an extremely small clean 
lead to clean lead dimension because the unique 
integral lead glass-to-metal seal eliminates the 
usual hermetic seal tubulature. This, combined 
with special dimensions, makes the 40TS ideal for 
cordwood packaging. 

CONSTRUCTION 

Each 40TS capacitor consists of a processed 
sintered tantalum anode soldered into a metal 
enclosure and hermetically sealed with an integral 
lead-glass-to-metal seal. A small amount of red 
epoxy may be utilized to protect the seal where 
lead bends are performed close to the positive 
end of the capacitor. Identical construction as 
CSRO9 of MIL 39003/02. 


CAPACITANCE 

Capacitances available are 0.0047 uf thru 39 uf 
in standard EIA decade values. Capacitance is 
measured at 120 Hz with a maximum of 1 VRMS 
and 2.2 VDC applied. Measurements are made 
at 25°C. 

DISSIPATION FACTOR 

Usually determined simultaneously with capaci- 
tance by the bridge method. The DF will generally 
conform to the following: 6% DF at 25°C, 8% 
at all other temperatures. 


D.C. WORKING VOLTS 

The maximum working voltage including ripple 
can not exceed the rated voltage for each specific 
capacitor value. Values for all temperatures is as 
follows,—linear derate applies from 85°C to 125°C: 


+85°C +125°C 
Rated Surge Rated Surge 

4 5 3 4 
6 8 4 5 
10 12 7 9 
15 18 10 12 
20 24 13 16 
30 42 23 28 
50 60 33 40 
60 69 40 46 
lhe 86 50 58 
100 130 67 86 


D.C. LEAKAGE CURRENT 

DCL shall not exceed 0.02 uA/ufv, but need not 
be less than 1 uA when determined with a 1000 
ohm current limiting resistor in series with the 
test capacitor after a 5 minute application of 
rated voltage at 25°C. The DCL at 85°C shall 
not exceed 10 times the 25°C limits. At 125°C the 
DCL shall not exceed 12 times the 25°C limits. 


FEATURES 

= —80 TO +125°C OPERATION 

= 4 THROUGH 100 VDC 

= EXCELLENT FOR CORDWOOD PACKAGING 
= 2 CASE SIZES 
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SERIES 40TS 


Industrial Type Tantalum Capacitors 


PART NUMBER SYSTEM 


EXAMPLE 
q 4 0 T S 105 T 0385 #=«K 1 A 
; | INDUSTRIAL 
0 = UNSLEEVED 
| 1 = SLEEVED 
CAPACITANCE TOLERANCE 
a JS=+5% K=+10% M=+20% 
RATED VOLTAGE @ 85°C a" 
CASE SIZE 3 
me 
CAPACITANCE IN PICOFARADS. c 
First two digits are significant figures. 
Third digit is number of zeros to follow: “a 
105 = 1.0 uF 
106 = 10 uF © 
SOLID ELECTROLYTE 2 
SERIES Qo 
ees 
AXIAL LEAD 9 
~ 


TANTALUM CAPACITOR 


DIMENSIONS — INCHES (mm) 


Uninsulated insulated 


D L D Lead Dia. d. 
+.031 (.08) +.005 (.01) 
+.005 (.01) +.005 (.01) +.005 (.01) —.005 (.01) —.001 (.003) 


0.087 (2.21) 0.235 (6.35) 0.090 (2.29) 0.250 (6.35) 0.016 (0.41) 
0.125 (3.51) 0.375 (9.55) 0.138 (3.51) 0.390 (9.91) 0.016 (0.41) 
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SERIES 40TS 


Industrial Type Tantalum Capacitors 
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Capacitance 


wh ah ow eh 
DIV OHNRWW MY 
NOAN OW NN 00 O1M © 


ho PO 
“IPO 


Ww 
Ow 


4 wvDC 


+10% Insulated 


40TS472T004K1A 
40TS562T004K1A 
40TS682T004K1A 
40TS822T004K1A 


40TS103T004K1A 
40TS123T004K1A 
40TS153T004K1A 
40TS183T004K1A 
40TS223T004K1A 
40TS273T004K1A 


40TS333T004K1A 
40TS393T004K1A 
40TS473T004K1A 
40TSS63TO04K1A 
40TS683T004K1A 
40TS823T004K1A 


40TS104T004K1A 
40TS124T004K1A 
40TS154T004K1A 
40TS184TO04K1A 
40TS224T004K1A 
40TS274T004K1A 


40TS334T004K1A 
40TS394T004K1A 
40TS474T004K1A 
40TS564T004K1A 
40TS684T004K1A 
40TS824T004K1A 


40TS105T004K1A 
40TS125T0O04K1A 
40TS155T004K1A 
40TS185TO004K1A 
40TS225T004K1A 
40TS275T004K1A 


40TS335TO004K1A 
40TS395T004K1A 
40TS475T004K1A 
40TSS65TO04K1A 
40TS685T004K1A 


40TS186X004K1A 
40TS226X004K1A 
40TS276X004K1A 
40TS336X004K1A 
40TS396X004K1A 


6 WVDC 
+10% Insulated 


40TS472TO06K1A 
40TSS62TOO6K1A 
40TS682TO06K1A 
40TS822TO06K1A 


40TS103TOO6K1A 
40TS123T006K1A 
40TS153TOO6K1A 
40TS183T006K1A 
40TS223T006K1A 
40TS273TOO6K1A 


40TS333TO06K1A 
40TS393TO006K1A 
40TS473TOO6K1A 
40TSS563TOO6K1A 
40TS683TOO6K1A 
40TS823T006K1A 


40TS104TOO6K1A 
40TS124T006K1A 
40TS154TOO6K1A 
40TS184TOO6K1A 
40TS224TO0O6K1A 
40TS274TO06K1A 


40TS334TOO6K1A 
40TS394TOO6K1A 
40TS474TOO6K1A 
40TS564TOO6K1A 
40TS684TOO6K1A 
40TS824TO06K1A 


40TS105TOO6K1A 
40TS125TOO6K1A 
40TS155TOO6K1A 
40TS185TOO6K1A 
40TS225TOO6K1A 
40TS275TO06K1A 


40TS335TOO6K1A 
40TS395TOO6K1A 
40TS475TOO6K1A 


40TS106X006K1A 
40TS126X006K1A 
40TS156X006K1A 
40TS186X006K1A 
40TS226X006K1A 
40TS276X006K1A 


STANDARD RATINGS 


10 WVDC 
+10% Insulated 


40TS472T010K1A 
40TS562T010K1A 
40TS682T010K1A 
40TS822T010K1A 


40TS103T010K1A 
40TS123T010K1A 
40TS153T010K1A 
40TS183TO10K1A 
40TS223T010K1A 
40TS273T010K1A 


40TS333T010K1A 
40TS393T010K1A 
40TS473T010K1A 
40TS563T010K1A 
40TS683T010K1A 
40TS823T010K1A 


40TS104T010K1A 
40TS124T010K1A 
40TS154TO10K1A 
40TS184T010K1A 
40TS224T010K1A 
40TS274T010K1A 


40TS334T010K1A 
40TS394T010K1A 
40TS474T010K1A 
40TS564T010K1A 
40TS684T010K1A 
40TS824T010K1A 


40TS105TO10K1A 
40TS125T010K1A 
40TS155T010K1A 
40TS185T010K1A 
40TS225T010K1A 
40TS275T010K1A 


40TS335T010K1A 


40TS685X010K1A 
40TS825X010K1A 


40TS106X010K1A 
40TS126X010K1A 
40TS156X010K1A 
40TS186X010K1A 


15 WVDC 
+10% Insulated 


40TS472T015K1A 
40TS562T015K1A 
40TS682T015K1A 
40TS822T015K1A 


40TS103T015K1A 
40TS123T015SK1A 
40TS153T015K1A 
40TS183T015K1A 
40TS223T015K1A 
40TS273T015K1A 


40TS333T015K1A 
40TS393T0O15K1A 
40TS473T015K1A 
40TS563T015K1A 
40TS683T015K1A 
40TS823T015K1A 


40TS104T015K1A 
40TS124T015K1A 
40TS154T015K1A 
40TS184T015K1A 
40TS224T015K1A 
40TS274T015K1A 


40TS334T015K1A 
40TS394T015K1A 
40TS474T015K1A 
40TS564T015K1A 
40TS684T015K1A 
40TS824T015K1A 


40TS105TO15K1A 
40TS125T015K1A 
40TS155T015K1A 
40TS185T015K1A 
40TS225T015K1A 


40TS475X015K1A 
40TS565X015K1A 
40TS685X015K1A 
40TS825X015K1A 


40TS106X015K1A 
40TS126X015K1A 
40TS156X015K1A 
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NE OTS SPR 


Capacitance 


20 WVDC 


+10% Insulated 


40TS472T020K1A 
40TS562T020K1A 
40TS682T020K1A 
40TS822T020K1A 


40TS103T020K1A 
40TS123T020K1A 
40TS153T020K1A 
40TS183T020K1A 
40TS223T020K1A 
40TS273T020K1A 


40TS333T020K1A 
40TS393T020K1A 
40TS473T020K1A 
40TSS63T020K1A 
40TS683T020K1A 
40TS823T020K1A 


40TS104T020K1A 
40TS124T020K1A 
40TS154T020K1A 
40TS184T020K1A 
40TS224T020K1A 
40TS274T020K1A 


40TS334T020K1A 
40TS394T020K1A 
40TS474T020K1A 
40TS564T020K1A 
40TS684T020K1A 
40TS824T020K1A 


40TS105TO20K1A 
40TS125T020K1A 
40TS155TO20K1A 


40TS335X020K1A 
40TS395X020K1A 
40TS475X020K1A 
40TSS565X020K1A 
40TS685X020K1A 
40TS825X020K1A 
40TS106X020K1A 


SERIES 40TS 


Industrial Type Tantalum Capacitors 


STANDARD RATINGS 


35 WVDC 
+10% Insulated 


40TS472T035K1A 
40TS562T035K1A 
40TS682T035K1A 
40TS822T035K1A 


40TS103T035K1A 
40TS123T035K1A 
40TS153T035K1A 
40TS183T035K1A 
40TS223T035K1A 
40TS273T035K1A 


40TS333T035K1A 
40TS393T035K1A 
40TS473T035K1A 
40TSS63T035K1A 
40TS683T035K1A 
40TS823T035K1A 


40TS104T035K1A 
40TS124T035K1A 
40TS154T035K1A 
40TS184T035K1A 
40TS224T035K1A 
40TS274T035K1A 


40TS334T035K1A 
40TS394T035K1A 
40TS474T035K1A 
40TS564T035K1A 
40TS684T035K1A 
40TS824T035K1A 


40TS105T035K1A 


40TS185X035K1A 
40TS225X035K1A 
40TS275X035K1A 


40TS335X035K1A 
40TS395X035K1A 
40TS475X035K1A 
40TS565X035K1A 


50 WVDC 
+10% Insulated 


40TS472T050K1A 
40TS562TO50K1A 
40TS682TOSOK1A 
40TS822T050K1A 


40TS103TO50K1A 
40TS123TO50K1A 
40TS153T0O50K1A 
40TS183T050K1A 
40TS223T050K1A 
40TS273T050K1A 


40TS333TO50K1A 
40TS393T050K1A 
40TS473T050K1A 
40TSS63TO50K1A 
40TS683T050K1A 
40TS823T050K1A 


40TS104TO50K1A 
40TS124TO50K1A 
40TS154TOS5OK1A 
40TS184TO50K1A 
40TS224T050K1A 
40TS274T050K1A 


40TS334TO50K1A 
40TS394TO50K1A 
40TS474T050K1A 


40TS155X050K1A 
40TS185X050K1A 
40TS225X050K1A 
40TS275X050K1A 


40TS335X050K1A 
40TS395X050K1A 


75 WVDC 
+10% Insulated 


40TS472T075K1A 
40TS562T075K1A 
40TS682T075K1A 
40TS822T075K1A 


40TS103T075K1A 
40TS123T075K1A 
40TS153TO75K1A 
40TS183T075K1A 
40TS223T075K1A 
40TS273T075K1A 


40TS333TO75K1A 
40TS393T075K1A 
40TS473T075K1A 
40TS563T075K1A 
40TS683T075K1A 
40TS823T075K1A 


40TS104T075K1A 
40TS124T075K1A 
40TS154T075K1A 
40TS184T075K1A 
40TS224T075K1A 
40TS274T075K1A 


40TS334T075K1A 
40TS394X075K1A 
40TS474X075K1A 
40TS564X075K1A 
40TS684X075K1A 
40TS824X075K1A 


40TS105X075K1A 
40TS125X075K1A 
40TS155X075K1A 
40TS185X075K1A 
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SERIES 40XS 


Xtra-Capacitance Hermetically Sealed 
Solid Electrolyte Tantalum Capacitor 


DESCRIPTION 


The Philips Components 40XS Series is a solid 
electrolyte sintered tantalum anode capacitor 
body, soldered into a tubular metal can and 
hermetically sealed with a glass-to-metal seal. 
Available in four standard sizes, insulated and 
uninsulated, the 40XS Series is manufactured 
utilizing the highly automated processing and 
assembly techniques which Philips Components 
has developed for producing established reliability 
devices. 


The 40XS Series is especially adapted for appli- 
cations involving coupling, filtering, and timing 
in those computer, industrial, and commercial cir- 
cuits requiring capacitors with more capacitance 
than available in standard devices. 
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FEATURES 

mw —55° TO 125°C OPERATION 
= 6 THRU 60 VOLTS 

= 0.82 uf THRU 1000 uf 

= FOUR STANDARD SIZES 

= COUPLING 

= FILTERING 

= TIMING 


SERIES 40XS 


Industrial Type Tantalum Capacitors 


STANDARD RATINGS 
6 WVDC 10 WVDC 15 WVDC 20 WVDC 
CAPACITANCE  +10% INSULATED +10% INSULATED +10% INSULATED +10% INSULATED 
+25°C 120 Hz 4V @ 125°C 7V @ 125°C 10V @ 125°C 13V @ 125°C 
82 40XS824A006K1A 40XS824A010K1A 40XS824A015K1A 40XS824A020K1A 
1.0 40XS105A006K1A 40XS105A010K1A 40XS105A015K1A 40XS105A020K1A 
1.2 40XS125A006K1A 40XS125A010K1A 40XS125A015K1A 40XS125A020K1A 
15 40XS155A006K1A 40XS155A010K1A 40XS155A015K1A 40XS155A020K1A 
1.8 40XS185A006K1A 40XS185A010K1A 40XS185A015K1A 40XS185A020K1A 
22 40XS225A006K1A 40XS225A010K1A 40XS225A015K1A 40XS225A020K1A 
a7 40XS275A006K1A 40XS275A010K1A 40XS275A015K1A 40XS275A020K1A@ 
3.3 40XS335A006K1A 40XS335A010K1A 40XS335A015K1A 40XS335A020K 1A@ 
3.9 40XS395A006K1A 40XS395A010K1A 40XS395A015K1A 40XS395A020K 1A@ 
4.7 40XS475A006K1A 40XS475A010K1A 40XS475A015K1Ae  40XS475BO20K1A 
5.6 40XS565A006K1A 40XS565A010K1A 40XS565A015K1A@ 40XS565B020K1A Ha 
6.8 4O0XS685A006K 1A 40XS685A010K1Ae 40XS685B015K1A 40XS685B020K 1A rT) 
8.2 40XS825A006K 1A 40XS825A010K1Ae  40XS825B015K1A 40XS825B020K1A 3 
= 
10 40XS106A006K1A@  40XS106BO10K1A 40XS106B015K1A 40XS 106B020K 1A rH 
12 40XS126A006K1A@  40XS126B010K1A 40XS126B015K1A 40XS126B020K1A i 
15 40XS 156BO06K1A 40XS156B010K1A 40XS156B015K1A 40XS 156B020K1A © 
18 40XS 186BO06K1A 40XS186B010K1A 40XS186B015K1A 40XS 186B020K 1Ae@ = 
22 40XS226B006K1A 40XS226B010K1A 40XS226B015K1A 40XS226B020K1A@ 
27 40XS276B006K 1A 40XS276B010K1A 40XS276B015K1A 40XS276B020K1A@ e 
33 40XS336B006K1A 40XS336B010K1A 40XS336B015K1A@e  40XS336C020K1A % 
39 40XS396B006K1A 40XS396B010K1A 40XS396B015K1Ae  40XS396C020K1A cs) 
A7 40XS476BO06K1A 40XS476B010K1A@e 40XS476C015K1A 40XS476C020K1A % 
56 40XS566BO06K1A 40XS566B010K1Ae 40XS566C015K1A 40XS566C020K 1A@ TD 
68 40XS686BO06K 1A 40XS686B010K1Ae  40XS686C015K1A 40XS686C020K 1 Ae ~t 
82 40XS826BO06K1A 40XS826B010K1Ae  40XS826C015K1A 40XS826C020K 1Ae@ 6 
100 40XS107BO06K1A@  40XS107C010K1A 40XS107CO15K1A 40XS107C020K1A6@ a 
120 40XS127CO006K1A 40XS127CO10K1A 40XS127CO15K1A 40XS127C020K1A6@ 
150 40XS157CO06K1A 40XS157CO10K1A@  40XS157CO15K1Ae@e = 40XS157D020K1A6@ 
180 40XS187CO06K1A 40XS187C010K1A 40XS187CO15K1Ae@e  40XS187D020K1A6@ 
220 40XS227CO06K1A 40XS227CO10K1A@e 40XS227D015K1Ae 
270 40XS277CO06K1A 40XS277C010K1Ae 40XS277D015K1A6 
330 40XS337CO006K1A@  40XS337D010K1A 40X$337D015K1A6@ 
390 40XS397CO006K1A@ 40XS397D010K1A6@ 
470 40XS477CO06K1Ae 40XS477D010K1A@ 
560 40XS567D006K1A 40XS567D010K1A@ 
680 40XS687DO06K1A@ 
820 40XS827D006K1A@ 
1000 40XS 108D006K 1 Ae 
e ITEM AVAILABLE TO MIL-C-39003 
STYLE CSR23 
PART NUMBER SYSTEM 4 X S10 A 0088 K 1 A 
E INDUSTRIAL 
EXAMPLE . O = UNSLEEVED 


1 = SLEEVED 


CAPACITANCE TOLERANCE 
J=+5° K=+10% M = 420% 


RATED VOLTAGE @ 85 C 
CASE SIZE 
CAPACITANCE IN PICOFARADS. 
First two digits are significant figures. 
Third digit number of zeros to follow: 
105 = 10 uF 
106 = 10 uF 
SOLID ELECTROLYTE 
SERIES 
AXIAL LEAD 


TANTALUM CAPACITOR 
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SERIES 40XS 


Industrial Type Tantalum Capacitors 


CAPACITANCE 
+25°C 120 Hz 


30 WVDC 


+10% INSULATED 


20V @ 125°C 
40XS824A030K1A 


40XS105A030K1A 
40XS125A030K1A 
40XS155A030K1A 
40XS185A030K1A 
40XS225A030K1A 
40XS275A030K1A 


40XS335B030K1A 
40XS395B030K1A 
40XS475BO030K1A 
40XS565B030K1A 
40XS685BO030K1A 
40XS825B030K1A 


40XS 106B030K 1A 
40XS 126B030K1A 
40XS 156B030K1A 
40XS 186B030K1A 
40XS226C030K1A 
40XS276CO30K1A 


40XS336C030K1A 
40XS396CO030K1A 
40XS476CO030K1A 
40XS566CO30K1A 
40XS686C030K1A 
40XS826D030K1A 


40XS107D030K1A 


DIMENSIONS — 


STANDARD RATINGS 
35 WVDC 50 WVDC 

+10% INSULATED +10% INSULATED 

23V @ 125°C 33V @ 125°C 
40XS824A035K1A 40XS824A050K1A 
40XS105A035K1A 40XS105A050K1A 
40XS125A035K1A -- 40XS125A050K1Ae@ 
40XS155A035K1A 40XS155A050K1Ae@ 
4OXS185A035K1Ae  40XS185BO50K1A 
40XS225B035K1A 40XS225B050K1A 
40XS275B035K1A 40XS275B050K1A 
40XS335B035K1A 40XS335B050K1A 
40XS395B035K1A 40XS395B050K1A 
40XS475B035K1A 40XS475BO50K1A 
40XS565B035K1A 40XS565B050K1Ae 
40XS685B035K1A 40XS685B050K1Ae 
40XS825B035K1Ae  40XS825CO50K1A 
40XS106BO35K1Ae  40XS106CO50K1A 
40XS126C035K1A 40XS126CO50K1A 
40XS156C035K1A 40XS156CO50K1A 
40XS186C035K1A 40XS186CO050K1A 
40XS226C035K1A 40XS226C050K1A@ 
40XS276C035K1A 40XS276C050K1A6@ 
40XS336C035K1Ae 40XS336D050K1Ae@ 
40XS396C035K1Ae  40XS396D050K1A6@ 
40XS476C035K1A6@ 
40XS566D035K1A6e 
40XS686D035K1A6@ 


D +.016 (0.41) |L+.031 (.079) | D +.016 (0.41) 


INCHES (mm) 


60 WVDC 
+10% INSULATED 
40V @ 125°C 


40XS824A060K1A 


40XS105A060K1A 
40XS 125BO60K1A 
40XS155BO60K1A 
40XS185BO60K1A 
40XS225BO60K1A 
40XS275BO60K1A 


40XS335BO60K1A 
40XS395BO060K1A 
40XS475BO60K1A 
40XS565BO60K1A 
40XS685CO60K1A 
40XS825CO60K1A 


40XS106CO60K1A 
40XS126CO60K1A 
40XS156CO60K1A 
40XS186CO60K1A 
40XS226CO60K1A 
40XS276D060K1A 


40XS336D060K1A 


d 
Lead Dia. 


Lead Length 


—.015 (0.38) |+.25 (£6.40) 


—.015 (0.38) d +002 (0.05) 


0.125 (3.18) 0.250 ( 635) 0.135 (3.43) 0.286 ( 7.26) 0.020 (0.51) 


0.175 (4.45) 0.438 (11.12) 0.185 (4.70) 0.474 (12.04) 0.020 (0.51) 


0.279 (7.10) 0.650 (16.50) 0.289 (7.34) 0.686 (17.42) 0.025 (0.64) 


0.341 (8.65) 


0.750 (19.05) 


0.351 (8.92) 0.786 (19.96) 0.025 (0.64) 
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DESIGN AND CONSTRUCTION 

Each 40XS type capacitor consists of a highly purified sintered 
tantalum anode body, utilizing an electrolytically formed oxide di- 
electric and a solid electrolyte, soldered in a metal case with axial 
leads and hermetically sealed. 


INSULATION — When specified, a MYLAR* sleeve will be placed 
over the metal can. The insulation will not soften or creep over the 
operating temperature range. 


RADIAL CONFIGURATION — When radial lead configuration is 
desired, the negative lead can be bent down the side of the metal can. 


LEADS — Lead material is Grade A nickel, tin lead plated to 
facilitate soldering. Other lead material available on request. 


MARKING—Capacitance will be marked with Philips Components 
part marking capacitance, voltage, and a + sign for polarity as a minimum. 
When space permits, capacitance tolerance and date code will be added. 


DC WORKING VOLTAGE 

40XS Series capacitors are available in 8 voltage ratings applicable 
from -55°C to 85°C without derating, and to 125°C with % linear 
derating, (see chart under para. 3). 


SURGE VOLTAGE 

The surge voltage is the maximum DC voltage, including peak AC or 
other pulses, which may be applied for short duration. 
_ In no case shall the sum of AC voltage and applied DC working 
voltage exceed the working voltage of the capacitor. The surge 
voltages are as follows: 


Rated WVDC up Derated SURGE VOLTAGE 
to 85°C 125°C 85°C 125°C 
| 6 4 8 5 
10 rf 13 9 
15 10 20 12 
20 13 26 16 
30 20 40 27 
35 23 46 28 
50 33 65 40 
60 40 80 54 
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CAPACITANCE 

Capacitance shall be measured ona polarized bridge, at or referred 
to 120 cps at 25°C. The maximum DC bias shall be 2.2 VDC for all A.C. 
measurements. The magnitude of the A.C. signal shall be limited to 
1.0 VRMS. 


The capacitance so determined shall be within specified initial 
capacitance tolerance. 


TOLERANCE — The 40XS Series is available in +20%, +10% and 
+5% capacitance tolerances. 


DISSIPATION FACTOR 

DF shall be measured on a polarized bridge, at or referred to 120 cps 
at 25°C. The maximum DC bias shall be 2.2 VDC for all AC measure- 
ments. The magnitude of the AC signal shall be limited to 1.0 VRMS. 


The CF so determined shall not exceed: 


0.C1 uf to 56 uf 
68 uf to 120uf 
150 uf and Up 


6% DF maximum 
8% DF maximum 
10% DF maximum 


D.C. LEAKAGE CURRENT 

DCL shall not exceed 0.02 uA/ufV, but need not be less than 1uA 
when determined with a 1000 ohm current limiting resistor in series 
with the test capacitor after a 5 minute application of rated voltage at 
25°C. The DCL at 85° shall not exceed 10 times the 25°C limits. At 
125°C the DCL shall not exceed 12 times the 25°C limits. 


*Copyright, DuPont Company 
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SERIES 40YS 


Xtra-Capacitance Hermetically Sealed 
Solid Electrolyte Tantalum Capacitor 
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DESCRIPTION FEATURES 


The Philips Components 40YS Series is a solid 55° To 125°C OPERATION 
electrolyte sintered tantalum anode capacitor body, 

soldered into a tubular metal can and hermetically #6 THRU 60 VOLTS 

sealed with a glass-to-metal seal. 


Available in four standard sizes, insulated and ™ 1-0 uf THRU 1000 uf 


uninsulated, the 40YS Series is manufactured #FOUR STANDARD SIZES 
utilizing the highly automated processing and 
assembly techniques which Philips Components ™ COUPLING 


has developed for producing established reliability 
devices. = FILTERING LOW IMPEDANCE 


The 40YS Series is especially adapted for appli- = TIMING 
cations involving coupling, filtering, and timing 

in those computer, industrial, and commercial cir- 

Cuits requiring capacitors with more capacitance 

than available in standard devices. 
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CAPACITANCE 


SERIES 40YS 


Industrial Type Tantalum Capacitors 


STANDARD RATINGS 


6 WVDC 


+10% INSULATED 


10 WVDC 


+10% INSULATED 


15 WVDC 


+10% INSULATED 


20 WVDC 


+10% INSULATED 


+25°C 120 Hz 4V @ 125°C 7V @ 125°C 10V @ 125°C 13V @ 125°C 
1.0 40YS105A006K1A 40YS105A010K1A 40YS105A015K1A 40YS105A020K1A 
1.2 40YS125A006K1A 40YS125A010K1A 40YS125A015K1A 40YS125A020K1A 
1.5 40YS155A006K1A 40YS155A010K1A 40YS155A015K1A 40YS155A020K1A 
1.8 40YS185A006K1A 40YS185A010K1A 40YS185A015K1A 40YS185A020K1A 
eee | 40YS225A006K1A 40YS225A010K1A 40YS225A015K1A 40YS225A020K1A 
2.7 40YS275A006K1A 40YS275A010K1A 40YS275A015K1A 40YS275A020K1Ae 
3.3 40YS335A006K1A 40YS335A010K1A 40YS335A015K1A 40YS335A020K1Ae 
3.9 40YS395A006K1A 40YS395A010K1A 40YS395A015K1A 40YS395A020K1Ae 
4.7 40YS475A006K1A 40YS475A010K1A 40YS475A015K1Ae 40YS475B020K1A 
5.6 40YS565A006K1A 40YS565A010K1A 40YS565A015K1Ae 40YS565B020K1A 
6.8 40YS685A006K1A 40YS685A010K1Ae 40YS685B015K1A 40YS685B020K1A "el 
8.2 40YS825A006K1A 40YS825A010K1Ae 40YS825B015K1A 40YS825B020K1A aD) 
10 40YS106A006K1Ae 40YS106B010K1A 40YS106B015K1A 40YS106B020K1A 3 
12 40YS126A006K1Ae 40YS125B010K1A 40YS126B015K1A 40YS126B020K1A Q 
15 40YS156BOO06K1A 40YS156B010K1A 40YS156B015K1A 40YS156BO020K1A i, 
18 40YS186BO06K1A 40YS186B010K1A 40YS186B015K1A 40YS186B020K1Ae = 
22 40YS226BOO06K1A 40YS226B010K1A 40YS226B015K1A 40YS226B020K1Ae os 
27 40YS276BO06K1A 40YS276B010K1A 40YS276B015K1A 40YS276B020K1Ae 
33 40YS336BO06K1A 40YS336B010K1A 40YS336B015K1A 40YS336C020K1A © 
39 40YS396BOO6K1A 40YS396B010K1A 40YS396B015K1Ae 40YS396C020K1A 3 
47 40YS576BO06K1A 40YS476B010K1A©e 40YS476C015K1A 40YS476C020K1A 9 
56 40YS566BO06K1A 40YS566B010K1Ae 40YS566C015K1A 40YS566C020K1Ae 
68 40YS686BOO6K1A 40YS686B010K1Ae 40YS686C015K1A 40YS686C020K1Ae © 
82 40YS826BO06K1A 40YS826B010K1Ae 40YS826C015K1A 40YS826C020K1Ae ree 
100 40YS107BO006K1Ae 40YS107C010K1A 40YS107C0O15K1A 40YS107C020K1Ae a | 
120 40YS127COO6K1A 40YS127C010K1A 40YS127C015K1A 40YS127C020K1Ae ~” 
150 40YS157COO6K1A 40YS157C010K1Ae 40YS157C015K1Ae 40YS157D020K1Ae 
180 40YS187COO06K1A 40YS187C010K1A 40YS187C015K1Ae 40YS187D020K1Ae 
220 40YS227CO06K1A 40YS227C0010K1Ae 40YS227D015K1Ae 
270 40YS277COO06K1A 40YS277C010K1Ae 40YS277D015K1Ae 
330 40YS337C006K1Ae 40YS337D010K1A 40YS337D015K1Ae 
390 40YS397C006K1Ae 40YS397D010K1Ae 
470 40YS477CO006K1Ae 40YS477D010K1Ae 
560 40YS567D006K1A 40YS567D010K1Ae 
680 40YS687D006K1Ae 
820 40YS827D006K1Ae 
1000 40YS108D006K1Ae 
“Item available to MIL-C-39003 
style CSR33 
4 090 Y 105 A 006 K 1 =A 
PART NUMBER SYSTEM ee 
EXAMPLE 0 = UNSLEEVED 
1 = SLEEVED 
CAPACITANCE TOLERANCE 
J=+5% K=2+10% M=220% 
RATED VOLTAGE @ 85°C 
CASE SIZE 
CAPACITANCE IN PICOFARADS. 
First two digits are significant figures. 
Third digit number of zeros to follow: 
105 = 10uF 
106 = 10 uF 
SOLID ELECTROLYTE 
SERIES 
AXIAL LEAD 


TANTALUM CAPACITOR 


Philips Components « 5900 Australian Avenue ¢ West Palm Beach, FL 33407 ° (407) 863-1800 » FAX: (407) 863-1811 389 


ss0z9edeg unjezuel wo 


Case 
Size —.015 (0.38) 
A 0.125 (3.18) 
B 0.175 (4.45) 
C 0.279 (7.1C) 
D 0.341 (8.65) 
390 


CAPACITANCE 
+25°C 120 Hz 


SERIES 40YS 


Industrial Type Tantalum Capacitors 


0.250 ( 635) 
0.438 (11.12) 
0.650 (16.50) 
0.750 (19.05) 


STANDARD RATINGS 


30 WVDC 
+10% INSULATED 
20V @ 125°C 


40YS105A030K1A 
40YS125A030K1A 
40YS155A030K1A 
40YS185A030K1A 
40YS225A030K1A 
40YS275A030K1A 


40YS335BO30K1A 
40YS395BO030K1A 
40YS475B030K1A 
40YS565B030K1A 
40YS685BO030K1A 
40YS825B030K1A 


40YS106BO30K1A 
40YS126BO30K1A 
40YS156BO30K1A 
40YS186B030K1A 
40YS226CO30K1A 
40YS276CO30K1A 


40YS336CO030K1A 
40YS396CO030K1A 
40YS476CO30K1A 
40YS566CO30K1A 
40YS686CO30K1A 
40YS826D030K1A 
40YS107D030K1A 


35 WVDC 
+10% INSULATED 
23V @ 125°C 


40YS105A035K1A 
40YS125A035K1A 
40YS155A035K1A 
40YS185A035K1Ae 
40YS225B035K1A 
40YS275B035K1A 


40YS335B035K1A 
40YS395BO35K1A 
40YS475B035K1A 
40YS565B035K1A 
40YS685B035K1A 
40YS825B035K1Ae 


40YS106B035K1Ae 
40YS126C035K1A 
40YS156CO35K1A 
40YS186CO35K1A 
40YS226CO35KiA 
40YS276CO35K1A 


40YS336C035K1Ae 
40YS396C035K1Ae 
40YS476C035K1Ae 
40YS566D035K1Ae 
40YS686D035K1Ae 


50 WVDC 
+10% INSULATED 
33V @ 125°C 


40YS105A050K1A 
40YS125A050K1Ae 
40YS155A050K1Ae 
40YS185BO50K1A 
40YS225BO50K1A 
40YS275BO50K1A 


40YS335BO50K1A 
40YS395BO50K1A 
40YS475BO50K1A 
40YS565B050K1Ae 
40YS685BO50K1Ae 
40YS825COSOK1A 


40YS106CO50K1A 
40YS126CO50K1A 
40YS156CO50K1A 
40YS186CO50K1A 
40YS226CO050K1Ae 
40YS276CO050K1Ae 


40YS336D050K1Ae 
40YS396D050K1Ae 


DIMENSIONS — INCHES (mm) 


0.135 (3.43) 
0.185 (4.70) 


Uninsulated Insulated 


D +.016 (0.41) |L+.031 (.079)| D +.016 (0.41) 
-—.015 (0.38) 


0.289 (7.34) 
0.351 (8.92) 


0.286 ( 7.26) 


0.474 (12.04) 
0.686 (17.42) 
0.786 (19.96) 


Cc 
Max. 


Lead Dia. 
d +002 (0.05) 


60 WVDC 
+10% INSULATED 
40V @ 125°C 


40YS105A060K1A 
40YS125BO60K1A 
40YS155BO60K1A 
40YS185BO60K1A 
40YS225BO60K1A 
40YS275BO60K1A 


40YS335BO60K1A 
40YS395BO60K1A 
40YS475BO60K1A 
40YS565BO60K1A 
40YS685CO60K1A 
40YS825CO60K1A 


40YS106CO60K1A 
40YS126CO60K1A 
40YS156CO60K1A 
40YS186CO60K1A 
40YS226CO60K1A 
40YS276D060K1A 


40YS336D060K1A 


CIRCUIT DIAGRAM 


0.020 (0.51) 


0.020 (0.51) 
0.025 (0.64) 
0.025 (0.64) 


Lead Length 
1+.25 (46.40) 


Approx. 
Weight 
Grams 


1.6 
4.9 
8.8 


Philips Components + 5900 Australian Avenue ¢ West Palm Beach, FL 33407 + (407) 863-1800 » FAX: (407) 863-1811 


1. DESIGN AND CONSTRUCTION 

Each 40YS type capacitor consists of a highly purified sintered 
tantalum anode body, utilizing an electrolytically formed oxide di- 
electric and a solid electrolyte, soldered in a metal case with axial 
leads and hermetically sealed. 


INSULATION — When specified, a MYLAR* sleeve will be placed 
over the metal can. The insulation will not soften or creep over the 


operating temperature range. 


RADIAL CONFIGURATION - When radial lead configuration is 
desired, the negative lead can be bent down the side of the metal can. 


LEADS - Lead material is Grade A nickel, tin lead plated to facil- 
itate soldering. Other lead material available on request. 


SERIES 40YS 


Industrial Type Tantalum Capacitors 


4. CAPACITANCE 

Capacitance shall be measured ona polarized bridge, at or referred 
to 120 cps at 25°C. The maximum DC bias shall be 2.2 VDC for all 
A.C. measurements. The magnitude of the A.C. signa! shall be 
limited to 1.0 VRMS. 


The capacitance so determined shali be within specified initial 
+5% capacitance tolerances. 


TOLERANCE - The 40YS Series is available in +20%, +10% 
and, +5% capacitance tolerances. 


5. DISSIPATION FACTOR 

DF shall be measured ona polarized bridge, at orreferredto 120 
cps at 25°C. The maximum DC bias shall be 2.2 VDC for all AC 
measurements. The magnitude of the AC signal shall be limited to 


MARKING—Capacitance will be marked with Philips Components 
part marking capacitance, voltage, and a + sign for polarity as a minimum. 
When space permits, capacitance tolerance and date code will be added. 


1.0 VRMS. 
The DF so determined shall not exceed: 


2. DC WORKING VOLTAGE 

40YS Series capacitors are available in 8 voltage ratings applicable 
from —55°C to 85°C without derating, and to 125°C with % linear 
derating, (see chart under para. 3). 


3. SURGE VOLTAGE 

The surge voltage is the maximum DC voltage, including peak AC 
or other pulses, which may be applied for short duration. 

In no case shall the sum of AC voltage and applied DC working 
voltage exceed the working voltage of the capacitor. The surge 
voltages are as follows: 


0.01 uf to 56 uf 
68 uf to 120 uf 
150 uf and Up 


6% DF maximum 
8% DF maximum 
10% DF maximum 


6. D.C. LEAKAGE CURRENT 

DCL shall not exceed .02 uA/ufV, but need not be less than 1uA 
when determined with a 1000 ohm current limiting resistor in series 
with the test capacitor after a 5 minute application of rated voltage at 
25°C. The DCL at 85° shall not exceed 10 times the 25°C limits. At 
125°C the DCL shall not exceed 12 times the 25°C limits. 


7. SURGE CURRENT 
Test as specified in MIL-C-39003/6. 


Rated WVDC up Derated SURGE VOLTAGE *TM-DuPont Company 
to 85°C 125°C 85°C 125°C 

6 4 8 5 
10 rg 13 9 
15 10 20 12 
20 13 26 16 
30 20 40 27 
35 23 46 28 
50 33 65 40 
60 40 80 54 
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SERIES 40ZS 
High Frequency Solid Tantalum Capacitor 
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Sg ESCRIPTION FEATURES 
“ Philips Components type 40ZS capacitor is a fixed a High Ripple Current 
solid electrolyte tantalum type with hermetic seal. m Low ESR 
This construction provides an inherently long life m@ Low Impedence at High Frequency 
and very stable electric characteristics in a tem- = Small Size 
erature range of —55 through +125°C. This ™ Extremely Stable Capacitance 
capacitor provides low impedence to ripple current m Hermetic Seat 
at frequencies above 1KHz through 100KHz. At a4. Lif 
these frequencies, the 40ZS also provides lower ects 
equivalent series resistance (ESR) than conven- ® CSR 21 Style 


tional type solid tantalum capacitors. Lower ESR 
means lower power loss which results in cost, 
space and weight savings. 
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SERIES 40ZS 


Industrial Type Tantalum Capacitors 


OUTLINE DRAWING AND DIMENSIONS 


_ CIRCUIT DIAGRAM 


oF 


CASE 


d 
Lead Dia. 
d+002 (0.05) 


Lead Length 
1+.25 (+6.40) 


Case D +.016 (0.41) | L+.031 (.079) D+.016 (0.41) L+.031 J 
Size —.015 (0.38) —.015 (0.38) Max. 
C 
D 


0.279 (7.10) 
NOTES: 


1. The case insulation shall extend .015'' (0.38mm) minimum beyond each end. However, when a shrink-fitted insulation 
is used, it shall lap over the ends of the capacitor body. 


2. Lead length may be a minimum of 1-inch long for use in tape and reel automatic insertion equipment, when specified. 
3. Insulation thickness is included in dimension D. 


0.650 (16.50) 0.289 (7.34) 0.686 (17.42) 


0.025 (0.64) 


0.341 (8.65) 


0.750 (19.05) 0.351 (8.92) 0.786 (19.96) 0.025 (0.64) 


STANDARD RATINGS 
CAPACITANCE 6WVDC 10 WVDC 15 WVDC 20WVDC 35 WVDC 50 WVDC 
—55°C +125°C | +.10% INSULATED | +.10% INSULATED | + 49% INSULATED | +.10% INSULATED | +.10% INSULATED | +.10% INSULATED 
= = 40ZS565C050K1A 
= 40ZS685CO050K1A 
= 40ZS825C050K1A 
“ 40ZS106CO50K1A 
= 40ZS126CO50K1A 


40ZS156CO50K1A 


40ZS186COS50K1A 


40ZS226C035K1A 


— 40ZS226D050K1A 
40ZS276CO020K1A 40ZS276D035K1A 
40ZS336CO020K1A 40ZS336D035K1A 
AOZS396CO020K1A AOZS3896D035K1A 
402Z5476CO020K1A 40ZS476D035K1A 


40ZS157COO6K1A 


40ZS187COO6K1A 


40ZS277DO006K1A 
40ZS337DO06K1A 
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~40ZS826C010K1A 


40ZS107CO10K1A 
40ZS127CO10K1A 


40ZS187D010K1A 
40ZS227D010K1A 


40ZS566C015K1A 
40ZS686C015K1A 


40ZS127D015K1A 
40ZS157D015K1A 


40ZS566D020K1A 
40ZS686D020K1A 
40ZS826D020K1A 
40ZS107D020K1A 
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SERIES 40ZS 


Industrial Type Tantalum Capacitors 


ELECTRICAL DATA 
1. DC Working Voltage 


Philips Components type 40ZS is designed to operate reli- 
ably at voltages from —55°C to 125°C. This capacitor is 
offered in six different voltages: six through fifty volts. 


WORKING VOLTS 
VS. OPERATING TEMPERATURE 


ZRVNAK-OK< OMAPD 


Temperature (°C) 


2. Surge Voltage and Voltage Derating 


Surge voltage is the maximum amount of voltage which may be 
applied to the capacitor. 85°C and 125°C surge voltages and 
voltage derating with temperature are shown below. 


Surge VDC 
Derated VDC 
8 
13 


5 
9 
12 


Working 
Voltage 
WVDC 


HOW TO SPECIFY 


4 0 Z 


PART NUMBER SYSTEM 
EXAMPLE 


3. Capacitance-Effective Series 


The 40ZS capacitors are measured on a polarized capacitance 
bridge. The capacitance is measured at 25°C and at 1KHz. 
No more than two volts A.C. shall be applied and accuracy of 
the bridge will be within 2%. 


4. Capacitance Tolerance 
The 40ZS is available in 20%(M), 10%(K), 5%(J). 


9. DC Leakage Current 


DC leakage measurements will be taken after a five minute 
period of electrification, with rated DC voltage applied. 

The voltage will be applied with a 1000 Ohm, + 50 Ohm, 
resistor connected in series with the capacitor. 


The Maximum allowable DC leakage limit at 85°C will be 10 
times the maximum specified 25°C DC leakage limit. 


6. Capacitance Change with Temperature 
The maximum change is: 


Maximum Change 


Temperature 
vs © In Capacitance 


—55 
+85 
120 


7. Moisture Resistance | 

The Philips Components series capacitors will meet the 
moisture resistance requirements of MIL-STD 202D, method 
106. Within 6 hours of the completion of the test, the Capa- 
citance will not change more than +5% from the initial 
value. The DF will not exceed the requirements. 


006 K 1 A 
[ Industrial 


i O = Unsleeved 


Capacitance Tolerance 
Voltage Rating 


1 = Sleeved 


M=20%, K=10%, J=5% 


Case Size 


Capacitance in Picofarads 

First two digits are significant 

Third Digit number of zeros to follow: 
157=150yuF 
156=15 uF 


Solid Tantalum 


Series 


Axial Lead 


Tantalum Capacitor 
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ADDITIONAL APPLICATION INFORMATION 


Use: These capacitors are limited to low voltage applications. 
Their primary use is in low voltage power supply filtering circuits. 
Their low leakage current (lowest of all the tantalum types) is not 
appreciable below +85°C and, at ordinary operating temperatures, is 
comparable to good quality paper capacitors, yet they are much 
smaller in size. Style CLR65 capacitors are for dc applications only - 
no reverse voltage can be tolerated. (The most common failure mode, 
electrolyte leakage due to seal failure, is primarily due to the applica- 
tion of reverse voltage.) 


Construction: These capacitors consist of a sintered-slug, acting 


as the anode, which is electrochemically treated to form a layer of 
tantalum oxide dielectric. 


Physical size comparison: 

With paper capacitors. These capacitors may utilize only 15 percent 
of the area normally required by a paper capacitor of the same 
capacitance value. 


With aluminum electrolytic capacitors. The larger the dielectric 


constant the larger the capacitance which can be realized in agiven 
space, thus a size advantage can be realized since the dielectric 
constant of tantalum oxide film is approximately 24 as compared to 8 
for an aluminum oxide. Because of differences in foil and paper- 
thickness requirements, the actual size ratio will vary with different 
capacitances and voltage ratings and may be much more than 2:1 in 
favor of the tantalum capacitor. 


Voltage ratings: The maximum dc rated voltages for these styles 


range from 6V to 125V. 


Operating temperature range (with full rated voltage applied). 


These capacitors are suitable for operation over atemperature range 
of -55°C to +85°C without derating. These capacitors may be oper- 
ated up to +125°C when properly derated, see figure -1. 
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WET TANTALUM CAPACITORS 


STYLES: CL64, CL65 (40LW) 
CLR65 (40SW) 
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TEMPERATURE IN DEGREES CELSIUS 

FIGURE -1. Voltage derating with temperature. 
Series and parallel applications. 


Series operation. Whenever tantalum capacitors are connected 
in series for higher voltage operation, a resistor should be paralleled 
across each unit. Unless a shunt resistor is used, the dc rated voltage 
can easily be exceeded on the capacitor in the series network with 
the lowest dc leakage current. To prevent capacitor destruction, a 
resistance value not exceeding a certain maximum should be used; 
this value will depend on capacitance, average dc leakage, and 
capacitor construction. For example: For style CLR65, size T1 units 
will require a maximum resistance, in megohms, equal to 3.4 divided 
by the sauare root of the capacitance (in uF); size T2, 5.2/VC: size T3, 
6.5//C; and size T4, 7.5//C. 

Parallel operation. To obtain a higher capacitance than can be 
obtained from a single capacitor, a number of units may be connected 
in parallel. However, the sum of the peak ripple and the applied dc 
voltage should not exceed the dc rated voltage. The connecting leads 
of the parallel network should be large enough to carry the combined 
currents without reducing the effective capacitance due to series lead 
resistance. 
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ADDITIONAL APPLICATION INFORMATION 


WET TANTALUM CAPACITORS 


Stability and life. Tantalum electrolytic capacitors have ex- 
cellent life and shelf life characteristics. Life, at higher temper- 
atures than with aluminum electrolytics, will show a compara- 
tively lower decrease in capacitance. With rated voltage 
applied, more than 10,000 hours of life can be expected at 
+85°C. All styles may be expected to operate at least 2,000 
hours at+85°C with less than 10 percent loss of capacitance. 


Because the more stable tantalum oxide film is less subject to 
dissolving the surrounding electrolyte than the film in an 
aluminum capacitor, the shelf life of the tantalum unit is much 
longer, and less re-forming is required. After storage for long 
periods, the re-forming current is low and the time is compara- 
tively short; it may be expected to take less than 10 minutes. 
These properties are affected by the storage temperature toa 
significant degree, being excellent at temperatures from-55°C 
to +25°C; good at +65°C; and relatively poor at +85°C. 


NOTE: The predominant mode of failure of the wet electrolytic 
tantalum capacitors will most probably be a “hidden” failure 
mode of high or erratic leakage current which could result ina 
catastrophic short-circuit. This is a result of electrolyte migra- 
tion past the inner seal and touching the cathodic case or 
ground. 


Reverse Voltage. Wet slug capacitors are not suitable for 
applications involving any voltage reversal. They cannot be 
operated on unbiased ac voltage or applied in nonpolar appli- 
cations involving back-to-back connections. Any ac ripple 
applied to wet slug capacitors must be superimposed on 
sufficient dc bias voltage to prevent voltage reversal. Ripple 
current is limited to small values because progressive de- 
gradation of the unit will result if the cathode (silver case) 
becomes positive during the discharge cycle. 


Max. Ripple Voltage/Current. Figure 2 indicates the maxi- 


mum allowable rms voltage or current for sintered-slug type 
Capacitors at +25°C and 60 Hz. 


To determine ac capability at some other frequency, multiply 
the voltage or current values obtained from figure 2 by acor- 
rection value from figure 3. 


To determine ac capability at some other temperature, multiply 
the voltage or current value from figure 2 or3, if applicable, bya 
correction value from figure 4. 


Complex wave- shapes. When complex ripple wave- shapes 
are involved, they should be measured on an oscilloscope or 
by some other method which will give the peak rating. These 
capacitors should be limited to operation at ripple frequen- 
cies between 60 and 10,000 Hz (above 10,000 Hz, effective 
Capacitance rapidly drops off). At frequencies of only a few 
hundred kHz, these tantalum units act as practically pure 
resistance. 
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VOLTAGE — AC RMS 


VOLTAGE 
— — — —CURRENT 


8 


1 10,000 


CAPACITANCE IN MICROFARADS 


FIGURE 2. Maximum allowable ripple voltage/current vs capacitance 


VOLTAGE AND CURRENT CORRECTION FACTOR 


VOLTAGE 
———— CURRENT 


10 100 1000 
FREQUENCY—HZ 


10,000 


FIGURE 3. Correction factor for maximum allowable ripple voltage/ 


— 
w bb UONDWO 


CORRECTION FACTOR 


N 


current vs frequency. 


65 85 100 


125 
TEMPERATURE IN DEGREES CELSIUS 


FIGURE 4. Correction factor for maximum allowable ripple voltage vs 


temperature 
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ADDITIONAL APPLICATION INFORMATION 


WET TANTALUM CAPACITORS 


STYLE CLR 79 (40AW) 
impedance B. To obtain impedance at temperatures other than 25°C, 
A. Impedance in ohms at 25°C may be read directly from multiply the impedance from Curve 1 by a correction factor 
Curve 1. from Curve 2, 3 or 4. 
IMPEDANCE FOR TANTALUM WET SLUGS WET SLUG IMPEDANCE CORRECTION FACTORS 
AT 25°C UP TO 5 uf 
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ADDITIONAL APPLICATION INFORMATION 
EARLS FOR ASANTLED! (EN e e  e  E L, ere 
SOLID TANTALUM CAPACITORS 


STYLES CS12, CS13 (40SS) 
CSR13 (40SS) 


CSR91 (40NS) 


APPLICATION INFORMATION 


Use. These capacitors are intended for use in equipment where a 
known order of reliability is required. These electrolytic capacitors 
are the most stable and most reliable electrolytic available, having a 
longer life characteristic than any of the other electrolytic capacitors. 
Because of their passive electrolyte béing solid and dry, these 
Capacitors are not temperature-sensitive; they have a lower Capaci- 
tance temperature characteristic than any of the other electrolytic 
Capacitors. Their limitations are the relatively high leakage current, 
limited voltage range available (6 to 100 volts), anda maximum allow- 
able reverse voltage of 15 percent of the rated dc voltage at +25°C to 
1 percent at +125°C. These capacitors are generally used where low- 
frequency pulsating dc components are to be bypassed or filtered out 
and for other uses in electronic equipment where large capacitance 
values are required, where space is ata premium, and where there are 
Significant quantities of shock and vibration. These capacitors are 
mainly designed forfilter, bypass, coupling, blocking, energy storage, 
and other low voltage dc applications (Such as transistor circuits in 
missile, Computer, and aircraft electronic equipment) where stability, 
size, weight, and shelf life are important factors. When designing tran- 
sistor, timing, phaseshifting, and vacuum-tube grid circuits, the dis- 
sipation factor and power factor should be taken into consideration. 
For bypassing resistors, a ratio of bias resistance to capacitive reac- 
tance of 10 to 1 is usually allowed. Ratios up to 20to 1 may be usedin 
high-fidelity amplifier work or where Space and economical con- 
siderations permit. In circuits where linear amplification is required, 
the amount of capacitive reactance shunting a cathode resistor will 
depend on the percentage of degenerative feedback desired. 


These capacitors are available as polarized and nonpolarized types. 
Polarized types should have their cases at the same potential as the 
negative lead; they should be used only in dc circuits with polarity 
observed. Nonpolarized types should be used where reversal of 
potential occurs. 


Construction. A porous tantalum pellet or wire serves as the anode 
of a solid tantalum capacitor. The surfaces of the anode are electro- 
chemically converted to an oxide of tantalum which serves as the 
dielectric. These surfaces are coated with an oxide semiconductor 
which is the working electrolyte in solid form. This oxide semiconduc- 
tor establishes contact with all of the complex surfaces of the 
anodized pellet and is capable of healing imperfections of the tan- 
talum oxide dielectric film. 


NOTE: In high impedance circuits, momentary breakdowns (if pre- 
sent) will self-heal; however, in low impedance circuits, their self- 
healing characteristics under momentary breakdown of the dielectric 
film will be nonexistent. The large currents in low impedance circuits 
will cause permanent damage to the capacitor. Experience has 
shown thata circuit resistance of 3Q per volt is desirable to limit poss- 
ible surge damage to the dielectric. 


Reverse voltage. These capacitors are capable of withstanding 
peak voltages in the reverse direction equal to 15 percent of their dc 
rating at +25°C; 10 percent at +55°C; 5 percent at +85°C; and 1 per- 
cent at +125°C. 


Capacitance. The tolerance on nominal capacitance at 100Hz is 
+20% and +10% (+5% on request). 


> AA a ee 
Coe 


50 100 125 
T amb (°C) 
FIG. 1 Typical capacitance as a function of ambient temperature. 


-100 -50 0 


The change in capacitance from the initial value measured at 25°C 
Shall not exceed the following percentages: 
10% at —55°C; 


8% at +85°C; 12% at +125°C. 


Voltage rating. These capacitors have a voltage rating over a range 


of 6 to 100 volts. 


Operating temperature range. These capacitors are suitable for 


operation over a temperature range of -55°C to +85°C. 


Voltage derating. When properly derated, these units may be oper- 
ated over a temperature range of -55° to +125°C. The derated voltage 
at +125°C is approximately 66 percent of the full rated voltage. 


8 100 — 
2 CE ea eee 
3 Pola etl Lest 
8 Se eee ee : 
Peet et HH 
es ee ee 
gC ee 
PL ee Leet 


ee ee ee ee ee 
Py ee ae eee ae ee 
25 50 75 100 125 

T amb (°C) 
Maximum. permissible voltage as a function of ambient temperature 


FIG. 2 


Permissible ripple voltage. These capacitors may be operated RMS, 60 Hz, 25°C (see Fig. 3). When this same capacitor is subjected 
with an impressed ripple (ac) voltage provided the capacitors do not to different temperatures, or different frequencies, the appropriate 
exceed their heat-dissipation limits. Total heat-dissipation limits derating factors are found in Figs. 4 and 5. If this same 1 O wf capacitor 
depend on the ambient operating temperature and the operating fre- is subjected to 125° and aripple frequency of 1000 Hz, the permis 
quency. For example: A 1 Of of any voltage may be operatedat3volts sible ripple voltage would be 3 x .4 x .18 which equals .216 volts. 
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ADDITIONAL APPLICATION INFORMATION 


SOLID TANTALUM 


Series and parallel networks: 


Series. It is recommended that when these capacitors are connected 
in series, the maximum voltage across the network should not be 
greater than the lowest voltage rating of any capacitor in the network, 
or that voltage divider resistors be used to prevent over voltage on one 
or more units of the series capacitor group. 


Parallel. To obtain a higher capacitance than can be obtained from a 
single capacitor, a number of units may be connected in parallel. 
However, the sum of the peak ripple and the applied dc voltage should 
not exceed the dc working voltage of the unit with the lowest voltage 
rating. The connecting leads of the parallel network should be large 
enough to carry the combined currents without reducing the effective 
capacitance due to series lead resistance. 


Dielectric absorption. Dielectric absorption may be observed by 
the reappearance of potential across the capacitor after it has been 
shorted and the short removed. This characteristic is important in RC 
timing circuits, triggering systems, and phase-shift networks. The 
curves shown in figure 16 were established by charging capacitors for 
1 hour at rated voltage and then discharging them through a dead 
short for 1 minute. 


CATLIN TTT 
[[eawasv ATI NU 
UI VL EE 
TMZ | 
Te 
a 


ae AT 
AU TIN TT 
J |e ST 
AAT | UII tL 
oA LLU ELUM tt 
10 100 1000 


10,000 
TIME-SECONDS 
Voltage recovery was measured with a high-impedance electrometer 


at the intervals given on the curves. Increasing the ambient tempera- 
ture shifts the curves to the left and decreases the amplitude but does 
not affect the shape. Shortening charge time, lengthening discharge 
time, or decreasing charging voltage results in reduction of the peak 
amplitude of the curve, but has little effect on its shape or relative 
position. 

Comparison with aluminum electrolytics. Tantalum solid electro- 
lytic capacitors differ from aluminum electrolytics in several important 
aspects: namely, substantially indefinite shelf life, superior low temper- 
ature characteristics, complete freedom from electrolyte leakage, and 
higher operating temperatures. 

Mounting. Supplementary mounting means should be used where 
the application of these capacitors involves vibration frequencies 
above 55 Hz. 


Increased reliability. Failure rate is a function of temperature, applied 
voltage, and circuit impedance. Increased reliability may be obtained 
by derating the temperature and applied voltage and increasing 
circuit impedances. 


DC leakage current increases when either voltage or temperature is 
increased; the rate of increase is greater at the higher values of voltage 
and temperature. A point can be reached where the dc leakage current 
will avalanche and attain proportions that will permanently damage the 
capacitor. Consequently, capacitors should never be operated above 
their rated temperature and rated voltage for that temperature. 


By increasing the circuit impedance, the leakage current is reduced. In 


ro) 


VOLTAGE RECOVERY 
Percent of Charging Voltage 


Philips Components - 5900 Australian Avenue ° West Palm Beach, FL 33407 « (407) 863-1800 ° FAX: (407) 863-1811 


CAPACITORS 


life testing the solid tantalum capacitor, the capacitance and dissipation 
factor are very stable over long periods of time and hence are not a 
suitable measure of deterioration. Leakage current variation is a better 
indicator of capacitor condition. In the life test in MIL-C-39003, a 
maximum impedance of 3 ohms is allowed. It is recommended that a 
minimum circuit impedance of 3 ohms per applied volt be utilized to 
attain improved reliability. 


TO USE CHART MULTIPLY OBSERVED 85° C 
FAILURE RATE LEVEL BY MULTIPLYING 
FACTOR FOR DESIRED OPERATION 
CONDITION FAILURE RATE LEVEL. 


FAILURE RATE LEVEL MULTIPLYING FACTOR 


40 60 80 
TEMPERATURE °C 
FIG. 17: Failure rate level curves. 

NOTE: Multiply the value read from figure 17 by the 


following applicable multiplying factor. 


20 


Failure-rate determination. The curves presented on figure - 4 are 
the best engineering approximation of the reliability characteristics 
(random failures) for these capacitors when employed repeatedly, 
within their specification ratings, in complex electronic equipment. 
These reliability characteristics are based on ground-level severity 
experience. Failures are considered to be opens, shorts, or radical 
departures from initial characteristics. The failures are considered 
to be occurring in an unpredictable manner and in too short a period 
of time to permit detection through normal preventive maintenance. 
The curves shown on figure - 4 are based on “catastrophic failures” 
and will differ from the failure rates established in the specification, 
since the established failure rates are based on “parametric failures” 
overlong term life tests at rated conditions. Figure - 4 has been extract- 
ed from MIL-HDBK-217, “Reliability Stress and Failure Rate Data for 
Electronic Equipment.” The curves have been modified from their 
original version in that the ordinate has been normalized in order to 
provide multiplier factors in place of discrete failure rate levels and in 
order that the multiplying factor for a failure rate at rated conditions is 
unity. As indicated, these curves are the best estimates based on “cata- 
st rophic failures”;however, they can provide an estimate of the relative 
effect of operating under conditions other than rated. 


399 


ant 
@ 
5 
I 
= 
3 
©) 
3 
S 
wi 


ADDITIONAL APPLICATION INFORMATION 


(SSCS STS a a 
SOLID TANTALUM CAPACITORS 


Leakage Current 


temperature derating factor 
(e) 


0) 100 


on leakage current. 
Equivalent series resistance 
ot ee ee ee 


ant 
= 
<I 
iS 
3 
3 
° 
Re 
Ry 
p. 


Tamb (°C), 
FIG. 6. Typical effect of ambient temperature ~ 
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voltage derating factor 
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Coe 
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0 


FIG. 7. Typical effect of operating voltage on 
leakage current. 
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FIG. 9. Typical ESR as a function of freq 
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f (Hz) 


The sum of the applied dc bias voltage and the peak of the ac ripple 
voltage should not exceed the dc rated voltage for the applicable 


a 
+ ambient temperature. Permissible ac voltage determined from fig- 


ures 3, 4 and 5, may be applied when the dc voltage is zero or near 
zero, provided the negative peak of the ac voltage does not exceed 
the allowable reverse voltage limits of 1 volt at 125°C. 
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3S 
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FIG. 3. Maximum permissible ac voltage at 25°C and 60 Hz as a function 
of nominal capacitance. 


or 


temperature derating factor 


FIG. -4. Effect of temperature on maximum permissible a.c. voltage. 


frequency derating factor 


ADDITIONAL APPLICATION INFORMATION 
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SOLID TANTALUM CAPACITORS 
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FIG. 10. Typical ESR as a function of frequency, case size C. 


. Impedance 
~The impedance is measured by means of a four-terminal circuit 
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FIG. 12. Typical impedance as a function of frequency at 25°C; case size A. 
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FIG. 13. Typical impedance as a function of frequency at 25°C; case size B. 
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FIG. 15. Typical impedance as a function of frequency at 25°C; case size D. 
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Tape and Reel 

Packaging 

A TR SESE NEA EGET AO ae ee 
Philips Components offers lead tape 

and reel packaging for axial leaded 

tantalum capacitors. Standard tape 

and reeling is per EIA specification 


RS-296, optional configurations for 
specific applications are available. 


Capacitors are reeled with the posi- 
tive lead oriented towards the white 
tape, negative leads oriented toward 
blue tape. Capacitor lead length may 
extend a maximum of .0625" beyond 
edge of tape. Capacitors are centered 
in a row between both tapes and will 
deviate a maximum of +.031" from 
center. 


Figures below show the standard 
Philips Components reel. Distance 
between flanges of the reel is .218" 
(+.093) greater than the overall capa- 
citor length. A minimum of 36" of 
leader tape is supplied at both ends of 
the reeled capacitors. 


Standard Reeling Quantities 


White (+) 


3.313-3.625" Ss 


ne!) (84.15)-(92.08) 4 
Blue (—) | 
(Cathode) 


(30.48 cm) 


(1.2) 


.200" (5.08) A & B cases 
.375" C & D cases 


2.5" (63.5) C & D cases 


— .250" (6.35) Nom. 


402 Philips Components ° 5900 Australian Avenue * West Palm Beach, FL 33407 + (407) 863-1800 « FAX: (407) 863-1811 


Tape and Reel 
Packaging 


STANDARD PACKAGING FOR PHILIPS COMPONENTS TAPE &REEL AVAILABLE FOR SOLIDS UPON REQUEST 
TANTALUM CAPACITOR OPERATION. THE FOLLOWING TO EIA SPEC. RS-296 


PACKAGING WILL BE USED UNLESS SPECIFIED OTHER— paee Fi aNd 
SIZE PITCH | REEL QTY | REEL QTY 


WISE. FOR SPECIFIC INFORMATION ON OTHER PRODUCT 
A 


LINES, CONTACT THE FACTORY. 
CSR21 (40ZS) 400 500 400 
400 400 300 


SOLID TANTALUM SERIES 
aH 
ELE 


OO 


OQ 


CSR21 (40ZS) 


CSR23 (40XS) TRAY PACK 
CSR33 (40YS) TRAY PACK 


Standard Reel is 12" with Kraft interleaves as standard. Pitch is the 

_ distance between centerlines of the unit. Class is the distance from inside 
- tape to inside tape and specified as: 

CLASS! = 2-1/16" 


TRAY PACK 


00QW> 


O0OWU>y 


CLASS II = 2-1/2" 
CLASS Ill = 2-7/8" 
_ WET TANTALUM SERIES 


e FULL MIN. 
PITCH | REEL QTY | REEL QTY 


_aovw fae | | 200 | 3.000 | 1,000 
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Film Capacitors 
QUICK REFERENCE INDEX 


\PPLICATIONS GUIDE GENERAL (SEE INDIVIDUAL PRODUCTS FOR DETAILS) 406 
“ILM CAPACITOR PART NUMBER DESCRIPTION (SEE INDIVIDUAL PRODUCTS FOR DETAILS) 


407 
PHILIPS PHILIPS 
OMPONENTS| SERIES VOLTAGE CAPACITANCE TOLERANCE 
_ SERIES 12 NC CONSTRUCTION VDC/VAC RANGE (uF) +Y% 


OLYESTER 


80-200 VDC 001 THRU 1.0 5,10 
708D1 FILM/FOIL WRAP & POT AXIAL AVAILABLE TO 600 AVAILABLE TO 2.0 


708A1 |  — | METALIZED | WRAP & POT AXIAL 100-200 VDC 10 THRU 10.0 


VDC 63,100,250,400,630 .001 THRU 6.8 5,10 
712A1 365-369 METALIZED EPOXY RADIAL VAC 40,63,160,220,220 


408 
411: 
4 


POLYCARBONATE 


METALIZED WRAP & POT AXIAL 100-200 VDC .10 THRU 10.0 5,10 


13 
ei er a 
719A1 344 METALIZED POTTED RADIAL 418 
‘ee eae - 3 
ri ea sree ne a 
719B1 344 METALIZED POTTED RADIAL 425 
POLYSTYRENE | 
SS RE FO a ee ee ed 
 704C1 424-431 FILM/FOIL WRAPPED AXIAL 427 
pee | ee 
POLYPROPYLENE 3 
| momen. | core | on | eco Le | OP 
» 703E1 460-464 FILM/FOIL CONFORMAL AXIAL 432 iY) 
001 THRU .27 ee | ae | 3 
719F2 378 METALIZED POTTED RADIAL 437 ra 
71H | — | _METALIZED [MOLDED (CAN) | TERMINAL | ___—vac240.s70_—s [2 THRUTS | 3.6.10 | 452 | 9X 
POLYESTER & PAPER—CLASS X VDE APPROVED 
719J1 
PRODUCT TECHNICAL INFORMATION | 462 
TYPICAL CHARACTERISTIC CURVES (METALIZED & FILM/FOIL) 460,461 
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Applications Guide 


GENERAL 
PURPOSE 
+1%, £2% FLAT T.C. HIGH CURRENT/VAC RMS PROTECTION FREQUENCY 
(ALL) (POLYPROP/POLYSTY)) (POLYPROP./MET.) (POLYPROP,/MET) 
BLOCKING 


COUPLING/DECOUPLING Fe 


reveneystonase——SSS=*dtSC YS SSCSCSCSCS~dSCSCSS 
5 a a a 

a 
Pune SSSC~iSC 
FAcQueNGy OSCRMNATON 


PULSE DISCHARGE 
ARC SUPPRESSING 


TRANSIENT VOLTAGE 
SUPPRESSION 


F/F = FILM/FOIL ONLY 


TEMPERATURE CONVERSION CHART Centigrade—Fahrenheit 


Ptoeudtod, 


ONO WLf AMD~0 «oO 


FORMULA °F = (°C x 9/5) +32 °C = (°F-32) x 5/9 
PREFIXES OF UNITS AMERICAN 


Multiples and sub-multiples Prefixes BLE 
1 000 000 000 000 tera de 


1 000 000 000 giga 
mega 
kilo 
hecto 
deka 
deci 
centi 
milli 
micro 
nano 
pico 
femto 
atto 


(Inches) (mm) 


.040 1.02 
032 0.81 
025 0.64 


020 .051 


m0 SF 300Q5%20H 
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Nominal Dia. Nominal Dia. 


GENERAL 


_ PHILIPS COMPONENTS FILM CAPACITOR GENERAL PART NUMBER DESCRIPTION 


Column: 


Alpha (A) 
Numeric( 


Example: 


bey 2- So 4°45 6 7 8 9 1011 12 13:14:19 1617 
TTTTT ‘A 
: N N N A N AA N NN or A NNN AA 
eT TTT? TT f= 
~j. atk as aie CC 1.0.37 K 20 1 A xX (2 Significant Digits) 
Percd, 9 ° G31 CA o.35.2. 4 F 6 3 0 CA (3 Significant Digits) 
| Voltage | 
Case Internal 
Code Capacitance Tolerance Assignment 
Capacitance Columns 10 & 11 = Number of ‘0’ (zeros 
Spec. Level (picofarad) Part Number Number of : 
Code ‘0’ (zeros) 
Dielectric Material 1 0 
& Construction 2 00 

3 000 
4 0000 

Enclosure Type 5 00000 
6 000000 
7 0000000 

Lead Construction 8 00000000 

Ds, 000000000 
0 None 


Film Capacitor Code (7) 


Column 1 = Philips Components Code 
Column 2 = Lead Construction 

O = Axial Leaded 

1 = Radial Leaded 


Column 3 = Insulation (Enclosure) 


0 = No Coating 5 = Open 
1 = Molded 6 = Open 
2 = Epoxy 7 = Open 
3 = Conformal 8 = Wrap & Pot 
4 = Wrap 9 = Potted 


Column 4 = Dielectric Material 
A = Metalized Polyester 

B = Metalized Polycarbonate 

C = Polystyrene 

D = Polyester and Foil - 

E = Polypropylene and Foil 

F = Polyester and Polypropylene 
G = Polycarbonate Foil 

H = Polypropylene Metalized 

J = Polyester and Paper 


Column 5 = Specification Level or 
Terminal Description 
1 = Standard 
2 = Special designation 


NOTE 1—If Column 10 is numeric a ‘P’ will appear 


NOTE 2— 


in Column 11 as a place holder. The 

numeric in Column 10 then is the 

number of ‘0’ (zeros) to follow the first 

(2) Significant Digits shown in Columns 

8 & 9 of the part number. 

Example: 10,000PF = 0.01uF = 103P 
(Columns 8,9,10,&11) 


Ifa numeric appears in Column 10 & 11 
no ‘P’ will be used & Columns 8, 9, & 10 
become the first (3) Significant Digits 
of the capacitance in Picofarads. The 
numeric in Column 11 then represents 
the number of ‘0’ (zeros) to follow the 
first (3) Significant Digits in Columns 
8,9, & 10 of the part number. 
Example: 
12700 PF = 0.0127pF = 1272 
(Columns 8, 9, 10, & 11) 
(This coding is only used for small 
capacitance values. When 3 place 
Capacitance accuracy is required—see 
the Motor Run Section for Special 
Capacitance Coding on Fractional 
Capacitance Values.) 


Column 12 = Capacitance Tolerance % 


A = Special J = +5% W = +3.5% 
F=+1% H = +6% 

G = +2% K = +10% 

L = +3% M = +20% 


3 to 9 = Terminal description for Series 711H 


Columns 6 & 7 = Case Size Code 


See Individual Series specifications for complete 


definition by Capacitor type. 
Columns 8 & 9 = Significant Digits 


First two (2) Significant Digits of the capacitance 


in Picofarads 


Columns 13, 14 & 15 = Voltage Rating (VDC) 


Voltage 


Rating—First two numbers are 


significant digits, third digit gives number of 


zeros. Refer to specific data sheet to determine 
VDC and/or VAC. 


Columns 16 & 17 = Internal Assignment 


Use to denote special requirements: 
lead spacing, lead length, tape and reel, etc. 
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SERIES 708D1 


Polyester & Foil Capacitors 


DESCRIPTION: 


Series 708D1 polyester/foil capacitors are round 
units wound with aluminum foil and capacitor 
grade polyester (polyethylene terephthalate) film 
dielectric. These compact rolls incorporate welded 
tinned copper clad steel wire leads and are 


wrapped with electrical grade tape and end filled. 


Philips Components has achieved a goal of provid- 
ing a film dielectric unit which when applied 
within its rating will give the highest order or reli- 


ability per dollars cost known to the industry. 


FEATURES: 


Electrical 
& Dielectric Withstanding—250% x Rated (VDC) 
for one sec. 


# Dissipation Factor (% @ 25°C) 
< 1.0uFD @ 1 KHz < 0.6% 
> 1.0uFD @ 60Hz < 0.6% 
® Insulation Resistance @ 25°C 
<0.5uFD 100000 MQ min. 
> 0.5uFD 50000 MOQ MFD min. 
@ Maximum Capacitance Change with Temp. 
@ —55°C —10% 
@ +85°C +10% 
@ +125°C +15% 
m= Standard Voltage Ratings—80, 100 & 200VDC 
@ —55°C to 85°C. Operating temperature to 
125°C with proper voltage derating 
@ Voltage Derating @ 125°C is 50% of rated 
voltage. 
408 


Mechanical 

= Small size | 

@ Lightweight-non metallic case welded lead con- 
struction providing strong positive contact 
terminations. 

= Lead strength—5 Ib. axially 

@ Available bulk or tape & reel 

(Quantity ordered and/or unit size may limit tape 

& reel availability) oe 


HOW TO SPECIFY: 


Series 708D1 Capacitors may be specified using the following 
designation: 
(See General Part Number Description for more details) 


bse 103P K 201 
Series 
Case ig AX 
ag Sy 
in (pF) 
In this example 
the first two digits | 
represent significant Internal 
figures and last digit Assignment 
indicated the num- | 
ber of zeros to follow. 
P = Place Holder “Tolerance 
J=+ 5% 
K = +10% 
Voltage 
at 85°C 
800 = 80V 
101 = 100V 
201 = 200V 


Philips Components ¢ 6071 St. Andrews Road * Columbia, SC 29212-3198 « (803) 772-2500 ¢ FAX: (803) 772-2445 


SERIES 708D1 


Polyester & Foil Capacitors 


SPECIFICATIONS | | 
OUTLINE DRAWING TYPICAL MARKING EXAMPLE 
3 Nominal Capacitance 0.10uf 
D" (max) Tolerance +10% 
Rated Voltage DC 200VDC 
Philips Components Series 708D1 


i Date Code (Yr & Wk) | 9023 


L" (max) 
_ LEAD LENGTH: 1.63” MIN. BOTH SIDES 
- 708D1 SERIES 


POLYESTER FILM/FOIL 80VDC POLYESTER FILM/FOIL 200 VDC 


‘ico PHILIPS COMPONENTS MAX. DIMENSIONS IN INCHES | LEAD SIZE PHILIPS COMPONENTS MAX DIMENSIONS ININCHES |LEAD 
| PART NUMBER® LENGTH DIAMETER | AWG PARTNUMBER" =| LENGTH DIAMETER _|AWG. 


0. | ZO8D1AA102P*800AX 708D1CC102P*201AX 
=" AA122 

AA152 
AA182 
AA222 
AA272 
AA332 
AA392 
AA472 


~ f NOT AVAILABLE | | | 
2 | USE 200 VOLT DEVICE 


ZO8D1EC123P*800AX 

EC153 

EC183 

EC223 

EH273 

EH333 

HH393 

HH473 

HJ563 

HJ683 

HP823 

HP104 

MP124 

MP154 

MV 184 

MV224 

XS274 

XS334 
HV394 
HV474 


s4opoede) uijig 


NOT AVAILABLE 
_ *f} USE 100 VOLT DEVICE 


| POLYESTER FILM/FOIL 100VDC_ 
708D1GC274P*101AX 
GC334 


GK394 
GK474 


NOTE: Higher voltage ratings and other 
tolerances available upon special 
request. 


RN5S64 
RN684 
RQ824 
RQ105 


* INSERT APPROPRIATE LETTER INTO PART NUMBER FOR TOLERANCE 
J =+5% 


Soe NOTICE: MISAPPLICATION SUCH AS EXCEEDING DESIGN LIMITS MAY 
RESULT IN DESTRUCTION OR EXPLOSION OF CAPACITORS. 
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SERIES 708D1 


Tape & Reel Packaging Specifications 


E1-E2 = max. .047 ‘Dimensions in in. 


TAPE & REEL PER EIA RS296 (LATEST ISSUE) 


A B C 

DIA. RANGE UNIT SPACING TAPE SPACING 
.197 max .200 : 
.394 max .400 . 
.594 max .600 ’ 


Notes: 1) For “C” all “B” dimensions are available in tape 
spacings of 2.062, 2.500, or 2.874 inches (some restrictions 
may apply) 
2) Reel diameter is 14 inches ! 
3) Special Tape & Reel dimensions available on request. 
Contact the factory. 
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SERIES 708A1 


Metalized Polyester Ca pacitor 


/ 
i 


DESCRIPTION n 
Series 708A1 metalized polyester (polyethylene > 
terephthalate) dielectric wrapped with tape and 
potted in a flat oval configuration with resistance C) 
welded tinned copper clad steel leads. 2 
a 
FEATURES 2. 
Electrical S 
@ Dielectric Withstanding—200% x rated (VDC) 7 
for one sec. 


= Dissipation Factor @ 25°C <1.0% @1KHz HOWTO SPECIFY 
@ Insulation Resistance @ 25°C 15000Q x MFD Philips Components Series 708A1 Capacitors can be completely 


min specified using the following designation: 
Ea (See General Part Number epee for more bas 
a Maximum Capacitance change with temp. 708A1 104P 
@ mado, + —5% carry ae 
O 
@ +85 C +10% . Tlrance nL 
@ +125°C +20% Series a wt Assignment 
™ Standard voltage ratings—100 & 200VDC @ .! Code Woleae 
—95°C to +85°C operation at temperatures to at 85°C 
—125°C with proper voltage derating. Carian ee fh 
; in = 
@ Voltage derating @ 125°C is 50% of rated In this eal the 
voltage. first two digits 
represent significant 
; figures and last digit 
Mechanical indicates the number 
= Small size of zeros to follow. 


m= Flat—space saving configuration P = Place Holder 


= Long trouble-free life 

@ Self-healing 

# Solvent resistance 

@ Lead strength—5 Ib. pull 
m@ Available Bulk only 
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SERIES 708A1 


Metalized Polycarbonate Capacitors 


OUTLINE DRAWING 


@ T >| 
Max. Max. 
Lead Length: 1.63" Min. Both Sides | 


TYPICAL MARKING EXAMPLE 
Philips Components rated voltage (DC) 100V 
Type 708A1 
Nominal Capacitance (UF) Tol. .10 10% 


PHILIPS COMPONENTS MAXIMUM DIMENSIONS IN INCHES 


PART NUMBER* “L’ LENGTH INCHES | “W” WIDTH INCHES “T” THICKNESS LEAD 
INCHES AWG. 


708A1JC104P*101AX 
JG154 
OB224 
0G334 
0J474 
00684 
VL105 
ZR155 
ZV205 
JZ305 
RV405 
RC505 
ZG805 
Z0106 


2 
3 
p 
3 
.Y) 
4 
5 
5 


200VDC AT 85°C 
PHILIPS COMPONENTS MAXIMUM DIMENSIONS IN INCHES 


PART NUMBER* “L” LENGTH INCHES | “W” WIDTH INCHES “T” THICKNESS 
AWG. 


708A1JJ104P*201AX 

JO154 
OL224 
OR334 
OX474 
ZV684 
ZC105 
JD155 
JD205 
RI305 

RM405 
ZO0505 
CE805 
CF106 


*INSERT APPROPRIATE LETTER PART NUMBER FOR TOLERANCE: 
=+ 5% 
K=+10% STANDARD 


NOTICE: MISAPPLICATION SUCH AS EXCEEDING DESIGN LIMITS MAY 
RESULT IN DESTRUCTION OR EXPLOSION OF CAPACITORS. 
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SERIES 712A1 cryee Mkt) 
Metalized Polyester Capacitors 


(Philips 2222-365 thru 369 Series) 


DESCRIPTION 


Series 712A1 Metalized Polyester (Polyethylene 
Terephthalate) Film Dielectric encapsulated i ina 
hard epoxy case with solder coated wire leads. 
Their high ratio of capacitance to volume affords 
an inherently high packaging density and excel- 
lent compatability with PC board assembly. 


APPLICATIONS 

For general purpose and industrial use in elec- 
tronic equipment, e.g., for coupling and decoup- 
ling applications. 


FEATURES 
Electrical 


m@ Rated Capacitance Range—.001 to 6.8uF 
@ Climatic Category—40/100/56 
@ Related Specification—lIEC 384-2 


@ Dielectric Withstanding—160% x rated (VDC) 
terminal to terminal. 200% x rated (VDC) between 
interconnected terminals and case. 


@ Dissipation Factor 


1 po kH2 | 10 kHz | kHz 100 kHz 
C<0,1yF 


<75x%107% |.<130 x10 |. <225 x 10-4 
0,1 wF<C<0,47pF <75x104 | <130x10%] <300x 10% 

275 x 10,4 |-<130x 10% 

</5x,10* | <150x 10% 


0,47 uF <C< 1pF 
C>1puF 
@ Insulation resistance— 
The insulation resistance is measured after a 
voltage has been applied for 1 min. +5 s, the 
voltage being 10+1V for the 63V version, 100 
+15V for the 100V, 250V and 400V versions 
angen +50V for the 6G30V version at Tamb = 
R between terminations, for 
CrR<0,33uF 
63V and 100V versions > 15,000MQ 
250V, 400V and 630V versions >30,000MQO 
RC between terminations, for 
CR>0,33uF 
63V and 100V versions > 5000s 
250V, 400V and 630V versions >10,000s 
R between interconnected 
terminations and case 
(foil method) >30,000MO 


= Standard Voltage Ratings—63, 100, 250, 400 & 
630VDC @+85°C 


= Storage Temperature Range——40°C to +100°C 
(Bulk Only) 


= Storage Temperature Range——25°C to +40°C 
@<=80% RH (Tape & Reel or Ammo Pak) 


Maximum pulse load 


rated maximum pulse load (V/s) 
er 
55 


The maximum pulse load values in the table are 
valid for pulse voltages equal to the rated voltage. 
For lower pulse voltages the given values may be 
multiplied by UR/applied voltage. 

Note: 

lf the pulse requirement is satisfied, a check 
must be made to ascertain that the maximum 
dissipation is not exceeded. 


Mechanical 
= Low cost 


@ Self-healing 


@ The body will withstand most solvent and 
aqueous liquids 


@ Long trouble-free life 
# Tape & reel available [ .200" (5mm) lead spacing) ] 


@ Strong lead pull and bend capability 


= Lead Solderability—tested in accordance with 
MIL-STD-202, Method 208. 


= Resistance to soldering heat with pre-heating 
capacitors mounted on a 1.6 mm board with 
non-plated holes. 
Body Temp.: 80°C 
Bath Temp.: 260°C 
Dwell Time: 2 x 5 s with interim free period of 5s 
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SERIES 712A1 


Metalized Polyester Capacitors 


HOW TO SPECIFY 


Series /12A1 capacitors can be completely specified using 
the following designation: 
(See General Part Number Description for more details) 


DIMENSIONS OF EPOXY CREEPAGE “C” 
ON STRAIGHT LEADS 


.200, .300, and .400 Lead Spacings 


712A1 BD 104P K 251 = K <1.5 mm (.059 inch) 
| | roiernce 
PC Case 1 M=+20% 
Series Size , =+10% STANDARD 
(Epoxy | =+5% SPECIAL 
Coated) i 
_ Specification 
L=Long Lead (bulk) LEAD LENGTH VS PART NUMBER CODE 


S=Short Lead (bulk) 


Capacitance T=Tape & Reel A , inti 
: A=Ammo Pack S part number codes are very important in description, 
_ in (pF) W=Special the following table is presented for reference: 
Hegel LEAD SPACING 
aie. INCHES (mm 
ma cant figures Voltage 0.200 (5.08) SS 
= and last digit at 85°C 0.300 (7.62) 
= ‘ag@inales ine 630=63V Lead — 0.400 (10.16) 
= Rarot 101=100V Configuration 0.600 (15.24) 
ath = 2 951=250V Lead Crimp Straight 0.900 (22.86) 
ie a Follow 401=400V Spacing Code Code 1.10 (27.94) 
"Fs P=Place Holder 631=630V 100 M 
fy a 200 S 
© “Special Crimp 300 ri 
yy Contact the factory 400 A 
be | 
7) 


Znmre-xnAzm 


"a _ +1mm 
Short = Oe nies Short = 4s 


: 5mm 
(.138/.197 inches) (.138/.197 inches) 


.200 & .300 Spacings 
Long = 17 =4 mm 
(.512/.826 inches) 


.400 & .600 Spacings 
Long = 19 +4 mm 
(.591/.827 inches) 


.900 Spacing 
Long = 25 +4mm 
(.826/1.14 inches) 


Long = 22 +4mm 
(.708/1.02 inches) 


LEAD 
SPACING 
IN (mm) 


CRIMP A 
Inches 


1.10 Spacing 
Long = 24 +4 mm 
(.787/1.16 inches) 


CASE OUTLINE DRAWING All Dimensions in Inches 


Mm 


Seating 

Plane .l, Seating 
im } Plane 
LENGTH 051 LEAD 

LENGTH 
+012 thd 
CRIMPED LEADS SY Ss Eon recs 
STRAIGHT LEADS 
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SERIES 712A1 


Tape & Reel/Ammo Pak Specifications 


+10 +10 Imax —&H4 1max 1 Ger eer max 


selle-gogt006 14 127 4) p/h. 


we =o me of Noe Ns 


detail A 


7Z85603.4 


Capacitors on tape. a 
Cumulative pitch error: 1,0 mm/20 pitches. 
Maximum 0.5% (Tape & Reel)/5% Ammo Pak of the total number of capacitors per reel may be © 
missing, but not more than 2 consecutive positions may be vacant. "ey 
S 
Pt 
n | 340 max =i 52 max)=~ > 
| | 
oe 
856 92 2° 
7290185 7285540 
452 el , i ; 
max Reel. Capacitors on tape in ammunition packing. 


Characteristics concerning taped capacitors: 


Pull-out force of the component >5N 
Pull-off force of adhesive tape > 6N 
Tearing force of tape >15N 


Storage conditions: 
Storage temperature range —25 to +40°C 
Relative humidity = <80% 
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SERIES 712A1 


Metalized Polyester Capacitors 


63 VDC (40 VAC RMS) 100 VDC (63 VAC RMS) 250 VDC (160 VAC RMS) 
CAP MEPCO/CENTRALAB CAP MEPCO/CENTRALAB CAP MEPCO/CENTRALAB CAP 
UF PART NUMBER UF PART NUMBER UF PART NUMBER UF 


ws 6 XE274 #G 
33 XE334 #G 
39 XE394 #G 
47 XF474 #G 
56 XF564 #G 
68 XE684 #G 
.82 XF824 . #G 
XG105 #G 


.200 SPACING (2e 3e) 
12 712A1AB124P"630 #G 
15 AB154 #G 
.18 AB184 #G 
22 AB224 #G 
27 AC274 #G 


056 XC563 #G 
.068 XC683 #G 
082 XC823 #G 
10 XC104 #G 


.200 SPACING (2e 3e) 
400 SPACING 
O39 DRAIABSOSP OL 4G 027 712A1BB273P*251 SK 


047 AB473 - #G eeaae - 
056 AB563 
7 BB393 

068 AB683 

BB473 
082 AB823 

BC563 
AB104 

BC683 
AC124 
AD154 . BD823 
AE224 
AF274 
AF334 
AF394 
AF474 


AB223 SH 
AB273 
AB333 
AB393 
AB473 


010 
012 
015 


56 AE564 #G 
.68 AE684 #G 
AE824 


GD154 
GE184 
GF224 
GG274 
GH334 


.600 SPACING 
712A1GD274P*101 SL 


GD334 SL 
GD394 SL 
GE474 SL 
GE564 SL 
GF684 SL 
GG824 

GJ105 


.900 SPACING 
712A1MF125P*101 


MF155 
MF185 SF 
MG225 SF 
MJ275 SF 
ML335 


1.10 SPACING 
3.9  712A1RL395P*101 SN 


4.7 RN475 SN 
5.6 RS565 
: RU685 


.200 SPACING (2e) .200 SPACING (2e) .200 SPACING (2e 3e) .200 SPACING (2e 3e) .400 SPACING 
047 712A1XA473P*630 #G].010 712A1XA103P"101 #G1|.018 712A1AB183P*251 #GJ].0033 712A1AB332P*401 #G] 010 712A1BD103P*631 SK 
056 XA563 #G | .012 XA123 #G | .022 AB223 #G | .0039 


.068 ~ XA683 #G 1.015 XA153 #G |.027 AB273 #G | .0047 
082 XA823 #G |.018 XA183 #G | .033 AB333 #G | 0056 
10 XA104 #G | .022 XA223 #G |.039 AB393 #G pea 
12 XA124 #G | .027 XA273 #G | .047 AB473 #Gi| Gen 
15 XC154 #G | .033 XA333 #G 

18 XC184 #G |.039 XA393 #G 300 SPACING ae 
22 XC224 #G | .047 XC473 #G |-018 ZIZA1AB183P"251 SH F- 


.0039 
0047 
.0056 
0068 
0082 


0010 
0012 
0015 
0018 
0022 


33 AD334 #G 600 SPACING 0027 
39 AD394 #G 712A1GD124P*251 0033 
AT AE474 #G 


.0039 
.0047 
.0056 


AE105 .300 SPACING .0068 
.039 712A1AB393P*101 .0082 
.300 SPACING AB473 900 SPACING .010 
12 712A1AB124P*630 SH]. AB563 39 712A1MD394P*251 SF | -012 
15 AB154 SH |. AB683 AT ME474 015 
.18 AB184 SH |. AB823 56 MF564 .018 
ae AB224 SH |. AB104 1 68 MG684 .022 
ar AC274 SH ]. AC124 82 MH824 .027 
33 AD334 SH |. AD154 1.0 MJ105 .033 
39 AD394 SH }. AD184 : 
47 AE474 SH |. AE224 1.10 SPACING 
56 AG564 SH |. AF274 RJ125P*251 SN | .039 
68 AG684 SH |. AG334 RL155 047 
AG824 SH |. AG394 RN185 056 
AG105 AG474 RS225 ee 
.400 SPACING 10 
: BB563P* 12 
.068 BB683 15 
.082 BB823 
10 BB104 
12 BB124 
16 BB154 
.18 BC184 
: BD224 


MEPCO/CENTRALAB 
PART NUMBER 


MEPCO/CENTRALAB CAP 
PART NUMBER UF 


012 BD123 SK 
015 BE153 SK 
018 BF183 SK 
022 BG223 SK 


.600 SPACING 
027 712A1GE273P*631 SL 


.033 GF333 SL 
: GG393 SL 
: GH473 SL 
; GJ563 
: GK683 


.900 SPACING 
712A1ME823P*631 SF 
.10 MF104 SF 
AZ MH124 SF 
15 MJ154 SF 
.18 ML184 SF 
MM224 


1.10 SPACING 
27 =712A1RR274P*631 


RR334 
RS394 
RU474 


AB472 #G 

#G 
AB562 p= 
AB682 He 
AB822 HG 
AB103 4G 
AB123 . #G 
AB153 


.300 SPACING 
712A1AB392P*401 


AB472 


400 SPACING 
712A1BB102P*401 SK}. 


BB122 SK 
BB152 SK 
BB182 SK]° 
BB222 SK]- 
BB272 SK]- 
BB332 SKL 
BB392 SK 
BB472 SK 
BB562 SK 
BB682 SK 
BB822 SK 
BB103 SK 
BB123 SK 
BB153 SK 
BB183 SK 
BB223 SK 
BC273 SK 
BC333 


.600 SPACING 
712A1GD393P*401 SL 


GD473 SL 
GD563 SL 
GD683 SL 
GE823 SL 
GF104 SL 
GG124 SL 


.900 SPACING 
712A1MD184P*401 


ME224 
MF274 


1.10 SPACING 
712A1RK564P*401 


RN824 I 
RS105 


1. ‘A Case Codes @.200" (5.08mm) Spacing Tape & Reel or Ammo Pak Only-No Bulk 


2. ‘AX Case Codes @ .300" (7.62mm) Spacing are available bulk only. 


416 


Philips Components - 6071 St. Andrews Road « Columbia, SC 29212-3198 « (803) 772-2500 « FAX: (803) 772-2445 


SERIES 712A1 


Metalized Polyester Capacitors 


DIMENSIONS IN INCHES (mm) MAXIMUM 
| “D” WR DA. 
CUT/FORM “T” THICKNESS LEAD SIZE 
(mm) |INCHES (mm): INCHES (mm) {INCHES (mm) {AWG INCHES 
“200 INCH LEAD SPACING” (2e) (5.08mm) 


12.5 
13.5 
14.5 
15.5 


<<" LENGTH 
INCHES 


TYPICAL MARKING EXAMPLE (TOP VIEW) 


413 


CAP (PF OR UF) TOLERANCE CODE 453 


VOLTAGE (DC) DIELECTRIC CODE (MKT) 
-400" (10.16) & LARGER LEAD SPACING 


MANUFACTURER 


413 10.5 


CODE 
OF 


oO 
ak 


dp) 
B: 
= 
oe 
o 


MKT ¥[_} | ORIGIN a 
>) 
CAP (PF OR UF) W/O SYMBOL TOLERANCE CODE © 
VOLTAGE (DC) W/O SYMBOL DIELECTRIC CODE (MKT) 2 
.200" (5.08mm/7.62mm) or .300" (7.62m) LEAD SPACINGS © 
eh 
S 
0.1 K % 
250 MKT 


CAP (PF OR UF)—W/O SYMBOL 
TOL. CODE VOLTAGE (DC)—W/O SYMBOL 
200" (5.08mm) LEAD SPACINGS 
0.047 
K 6€ 


a a ee ee a a ao ce Sa 2 
COoOo000CCOCO 
NOM OM OM CMON COM CMC} 


a: 
1. 
a 
1. 
1 
1. 
as 
iF 


wi tk) ek kk Sk 
Co CO CO CO © OC CO CO 
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SERIES 719A1 (type MKT) 


Metalized Polyester Capacitors 
(Philips-344, 370 & 371 Series) 


DESCRIPTION 


Nugget Series 719A1 metalized polyester (poly- 
ethylene terephthalate) dielectric encased in a — _ 
rectangular epoxy encapsulated flame retardant | > 2 _ 
polypropylene case with sturdy solder coated 4 - 

copper pins, they lend themselves readily to 


s40oqoede) uljis ro 


insertion into printed circuit cards, motherboards, , = 


and similar modular assemblies. 


FEATURES 

Electrical 

m@ Rated capacitance range .0039 to 10 uf 
= Climatic category 55/100/56 

@ Related specification IEC 384-2 


@ CECC 30-401-039 2nd Edition (except 2222344 
63V & 250V (.082 —1 fd) 

@ Dielectric Withstanding—160% x rated (VDC) 
terminal to terminal. 200% x rated (VDC) between 
interconnected terminals and case. 


@ Maximum pulse load 
maximum pulse load (V/us) 


t=722mm | L=10 mm |=19 mm |L=17,8mm |L=26 mm |L=31 mn 
30 


9 a 
55 18 , Fe 3,5 


The maximum pulse load values in the table are 
valid for pulse voltages equal to the rated voltage. 
For lower pulse voltages the given values may be 
multiplied by the UR/applied voltage. 

Note: 

Ifthe pulse load requirementis satisfied, a check 
must be made to ascertain that the maximum 
dissipation is not exceeded. 


@ Dissipation Factor 


Capacitance 


tangent of loss angle 


1 kHz Fo tkHz [10 kHz 100 kHz 
2222 370 C<0,1 uF <75x104 | <130x10-4 | <200x 10-4 
2222 371 0,1 uF<C<0,47 uF | <75x104 | <130x104 | <300x 10-4 
0,47 uF<C<1 pF <75x104 | <130x10-4 
C<0,1 uF <75x104 | <130x104 | <250x 10-4 


2222344 | 0,1 uF<C<1 uF 


C>1 uF 
& Insulation resistance 

The insulation resistance is measured after a 
voltage has been applied for 1 min +5 s, the volt- 


age being 10 +1V for the 68V version and 100 
418 


<75x 10-4 
<75x 10-4 


<130 x 10-4 
<150x10-4 


+15V for the 100V, 250V and 400V versions at 
Tamb = 20°C. 
R between terminations, for CR < 0,33 pF 
63V and 100V versions >15,000 MO 
250V and 400V versions >30,000 MQ 
RC between terminations, for CR > 0,33 pF 
63 V and 100 V versions > 5,000 s 
250 V and 400 V versions >10,000 s 


R between interconnected terminations and case 
(foil method) >30,000 MO 


@ Standard Voltage Ratings—63, 100, 250 & 400 
VDC @ +85°C 
= Storage Temperature Range——55°C to 100°C 


= Storage Temperature Range——25°C to 40°C 
@< 80% RH (Tape & Reel or Ammo Pak) 


Mechanical 

@ Low cost 

=m Precisely dimensioned case—permits high 
package density 

= Mounting feet 

@ Self-healing 

m@ Lead strength—5 Ib. pull 


m Lead solderability—tested in accordance with 
MIL-STD-202, Method 208. 


m@ Resistance to soldering heat with pre-heating 
Capacitors mounted on a 1.6 mm board with 
non-plated holes. 

Body Temp.: 80°C 
Bath Temp.: 260°C 
Dwell Time: 2 x 5 s with interim free period of 5s 
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SERIES 719A1 


Metalized Polyester Capacitors 


HOW TO SPECIFY 


Series 719A1 Capacitors can be completely specified using the following designation: 
(See General Part Number Description for more details) 


719A1 GD 104P K 251 # B 
| Specification 
Series Voltage | = Long Lead (bulk) 
at 85°C —s = Short Lead (bulk) 
Gah Tape & Reel 
Baan Give Tolerance 951=250V  T=18mm a 
K = 10% STANDARD —.5mm 
Co oa am 
Capacitance = +2mm 
- in (pF) A=18mm -Omm 
n this example the = 3mm 
first two digits ‘ell —.5mm 
Se tell significant Y=16.5mm +.3mm 
igures and last digit | 
4 icated eae Lead Configuration 
ber of zeros to follow. Straight 
P = Place Holder Lead Lead 
Code Spacing 
G 0.200 (5.08 mm) 
H 0.300 (7.62 mm) 
A 0.394 (10 mm) 
B 0.591 (15mm) 
D 0.886 (22.5 mm) 
E 1.080 (27.5 mm) 


OUTLINE DRAWING 
: T 
e—L MAX | HH hy 
LEAD SHO ny 
SPACING LEA KOA 

200 | | 020 +.004 — yy 
&.300 

ut 

a oo —>|e d 
*INCHES, MIN./MAX. S' Spacing Tolerance +.012 


5.08 mm & 7.62 mm lead spacing 015 
allother spacings +012" 


Pps SIZES (.200 SPACING) ARE AVAILABLE BULK, SHORT OR LONG LEADS. ALSO TAPE & REEL OR AMMO PACK IS AVAILABLE FOR “Xx” 
ZES. 

“K’ CASE SIZES (.300 SPACING) ARE AVAILABLE BULK, SHORT OR LONG LEADS. TAPE & REEL IS ALSO AVAILABLE FOR “‘A’ CASE SIZES. 
“C”, “G”, “M”, AND “R” CASE SIZES ARE AVAILABLE BULK ONLY WITH SHORT LEADS. 


. SOME RESTRICTIONS APPLY - NOT ALL CASE SIZE & CV VALUES AVAILABLE AS BULK, TAPE & REEL, OR AMMO PACKED. 


NOTICE: MISAPPLICATION SUCH AS EXCEEDING DESIGN LIMITS MAY 
RESULT IN DESTRUCTION OR EXPLOSION OF CAPACITORS. 
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SERIES 719A1 


Metalized Polyester Capacitors 


CASE SIZE TABLE SERIES 719A1 


DIMENSION IN INCHES (MM) MAXIMUM 


“T” THICKNESS “S” SPACING 
INCHES MM INCHES MM 


eek 
ono 


M=N=O=DOODM=+DO0OOM 
on 


on 


oo 
TW + DONDONHIDNIADNUARWNAUOHWH 
on 


TYPICAL MARKING EXAMPLE 
(FOR .200 & .300 LEAD SPACINGS) 
TOP VIEW: 
Rated Cap. (nf or xf), Tol. Code 0.10 K 


SIDE VIEW: 
Rated VDC 100 VDC 
Code for Dielectric and MKT 
Code for Factory of Origin [|] 
Philips Type No. 370 
Manufacturer I.D. PH 
Date Code (Year & Week) 8914 


(FOR .400 & LARGER LEAD SPACINGS) 


(TOP VIEW) 
Cap/Tolerance/Voltage (VDC) 0.10/10/250 
MKT Factory Code MKT 344[_] 
Philips Identification Symbol 
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SERIES 719A1 


Metalized Polyester Capacitors 


METALIZED POLYESTER TYPE 719A1 


CAP = PHILIPS COMPONENTS CAP PHILIPS COMPONENTS CAP _—— PHILIPS COMPONENTS CAP PHILIPS COMPONENTS 
UF PART NUMBER UF PART NUMBER UF _. PART NUMBER UF PART NUMBER 


200 SPACING .200 SPACING 300 SPACING 300 SPACING 
on 0039 719A1XA392P*101 #G | .0082 719A1AX822P*251 +#H | .0039 719A1AX392P*401 #H 
056 719A1XA563P*630 ' HG XA472 #G | .010 AX103 #H 
.068 XA683 #G XA562 012 AX123 #H 
082 XA823 HG XA682 015 AX153 #H 
10 XA104 4G XA822 018 AA183 #H 
42 XB124 #G XA103 022 AA223 #H 
15 XB154 #G XA123 027 AA273 #H 
18 XB184 HG XA153 033 AA333 #H 394 SPACING | 
99 XB224 4G XA183 039 AB393 #H 719A1CA103P*401 SA 
57 XC274 4G XA223 047 AB473 #H S 
: XC334 XA273 .056 AC563 #H 
33 #G 
XA333 068 AC683 #H 
39 XC394 HG 
He XC4A74 XA393 082 AD823 #H 
#G XA473 AD104 
56 XE564 HG XB563 
82 aaae #G XB823 591 SPACING 
XB104 Z19A1GD393P"401 
300 SPACING 300 SPACING GE563 
056 719A1AX563P*630 #H 719A1AX183P"101 #H GE683 
591 SPACING 082 GF823 
9A1GD823P*251 SB | .10 GF104 
12 GG124 
GG154 


: GD104 SB 
a2 GD124 SB 
15 GD154 SB 
18 GE184 SB 
22 GE224 SB 
27 GF274 SB 
GF334 


886 SPACING 
18 719A1MH184P*401 SD 
MH224 SD 
MJ274 SD 
MJ334 SD 
£886 SPACING ML394 SD 
719A1MH394P*251 SD ML474 


068 AX683 #H 
082 AX823 #H 
10 AX104 #H. 
12 AA124 #H 
15 AA154 #H 
18 AA184 #H 
22 AA224 #H 
27 AB274 #H 
33 AB334 #H 
39 AB394 #H 
7 AB474 

. 1.08 SPACING 


.394 SPACING 
719A1CA184P*630 


AX223 #H 
AX273 #H 
AX333 #H 
AX393 #H 
AX473 #H 
AAS63 #H 
AA683 #H 
AA823 #H 
AA104 #H 
AB124 #H 
AB154 #H 
AB184 #H 
AB224 #H 
AC274 #H 
AC334 #H 
AD394 #H 
AD474 


.394 SPACING 
719A1CA823P*101 


MH474 SD 
MH564 SD 
MH684 SD 
MK824 SD 
MK105 


1.08 SPACING 
719A1RM125P*251 


.591 SPACING 
719A1GE564P*630 SB 


GE684 SB 
GF824 SB 
GF105 SB 
GG125 SB 
GG155 


.886 SPACING 
719A1MH185P*630 SD 


7 


1.08 SPACING 
719A1RM565P*630 


.591 SPACING 
719A1GD274P*101 SB 


GD334 SB 
GD394 SB 
GD474 SB 
GE564 SB 
GE684 SB 
GF824 SB 
GF105 


.886 SPACING 
719A1MH125P*101 


1.08 SPACING 
719A1 eT 01 


NOTE—# Denotes Lead Length,Tape & Reel,or AMMO Pack 
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SERIES 719A1 


Tape & Reel/AMMO Pack Specifications 


_— 1 max —>-+4< 1 max 
5.08mm Pitch Oo” Hl 


= -0.14mm 


| Fee | ee | Mavs |e Sa ) 
Il \! Wl | I I 11 IH I +1 
we a 5°) | | 
+ OO -65 6-64-41 844 
| b YY +0,5 Standoff Height 
: f ' max . ‘ 
+2mm 
| 18mm “iam (Standard) 
—- 12,7 _| > 4,0). 16mm cca Special) 
30 6+0,06 +02 +0,2 =0.5mm 
0,09 OO — 97 16.5mm +0.3mm (Special) 
detail A te 
NOTE: 
1) Cumulative pitch error: 1,0 mm/20 pitches. 
2) Max 0.5% (TAPE & REEL) 5% (AMMO PACK) of the total number of capacitors per 
reel may be missing, but no more than 2 consecutive positions may be vacant. 
| 340 max y 52 max - 
| 
356 
307177 856 92 7°. 
7290185 : : we ‘ 7285540 
~52,! Reel. Capacitors on tape in ammunition packing. 
max 
7.62mm Pitch marr ae Ti 1max>r-h< 1 max ead max 
P eee TT | 
sie 2 
=U, | . 3,0 
@ 0,649.06. |. | ae LL aa ar | ma 
eS S| | | (wa VA ott standoff | 
i" i i . i 11 i 7 | 5 5t1 Standoff Height 
ft Hi u_Yy i; max Ho U = 0 | | 
3 ‘e- a a. 2. 4 4 48 16.5mm +0.3mm_ (Standard) 
2 +05 de 
“ o4 | ! 18mm el (Special) 
16mm bial (Special) 
12,7 _, | (4.0L _Voq | 
NOTE: +0,2 +02 —{ +02 
1) Cumulative pitch error: 1,0 mm/20 pitches. detail A ‘ 
2) Max 0.5% (TAPE & REEL) of the total number of capacitors per reel may be missing, 
but no more than 2 consecutive positions may be vacant. 
Characteristics concerning taped capacitors: Storage conditions: | 
Pull-out force of the component >5N Storage temperature range —25 to +40°C 
Pull-off force of adhesive tape >6N Relative humidity <80% 


Tearing force of tape >15N 
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SERIES 708B1 


Metalized Polycarbonate Capacitors : 


DESCRIPTION 


Series 708B1 metalized polycarbonate dielectric 
wrapped with tape and end potted in a flat oval 
configuration with resistance welded axial tinned 
copper clad steel leads. 


FEATURES 


Electrical 

& Dielectric Withstanding—150% x Rated (VDC) 
for one minute 

= Dissipation Factor @ 25°C 
<1.0uFD @ 1KHz <0.3% 
>1.0uFD @ 60Hz <0.3% 


g Insulation Resistance @ 25°C 
<0.10uFD 300000 MQ min. 
>0.10uFD 30000 MQ x MFD min. 


mg Maximum Capacitance Change with Temp. 
@ —55"C —2:5% 
@ +85°C « +1:5% 
@‘+1.25°C +2:9% 


= Standard Voltage Ratings—100 & 200 VDC @ 
—55°C to +85°C. Operating temperatures to 
+125°C with proper voltage derating. 


@ Voltage derating @ 125°C is 50% of rated voltage. 
Mechanical 

= Small size 

m Flat-surface-saving configuration 

= Long trouble-free life 

@ Self-healing 

@ Solvent resistant 

m Low temperature coefficient 


ssopsedes) ulji4s ES 


# Low dissipation factor 

m Ideal for AC voltage application 

= Superior high-frequency characteristics 
m@ Lead strength—5 Ib. pull 

@ Available Bulk Only 


HOW TO SPECIFY 
Series 708B1 Capacitors may be specified using the following 
designation: 
(See General Part Number Description for more details) 
708B1 LJ 104P K 201 AX 
Series Internal 


Assignment 


Case Size 


Code Tolerance 
J = 45% 
K = +10% STANDARD 


Capacitance 

In (pF) Voltage 
In this example At 85°C 
the first two digits 101=100V 
represents significant 201=200V 
figures and last digit 
indicates the number 
of zeros to follow. 
P = Place Holder 
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SERIES 708B1 


Metalized Polycarbonate Capacitors 


*TOLERANCE: J = +5%, K = +10% STANDARD 
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PHILIPS COMPONENTS 
PART NUMBER* 


708B11E104P*101AX 


IH154 
IL224 
NI334 
NM474 
VN684 
VT105 
VB155 
AY205 
|A305 
Il 405 
QB505 
BN106 


OUTLINE DRAWING 
L 
| : Max. 


Lead Length 1.63" Min Both Sides 


PHILIPS COMPONENTS 
PART NUMBER* 


708B1LJ104P*201AX 


RI154 

RN224 
RU334 
BQ474 
BY684 
BE105 
RY155 
RH205 
RL305 
RT405 
ZV505 
HG106 


708B1 SERIES 


“T” THICKNESS INCHES LEAD SIZE 
AWG. 


TYPICAL MARKING EXAMPLE 
Philips Components Voltage (DC) 100V 
Type 708B1 


Capacitance & Tol. .10 =10% 
Date Code (Yr & Wk) 8640 


DIMENSIONS IN INCHES MAXIMUM 


“T” THICKNESS INCHES LEAD SIZE 
AWG. 


NOTICE: MISAPPLICATION SUCH AS EXCEEDING DESIGN LIMITS MAY 
RESULT IN DESTRUCTION OR EXPLOSION OF CAPACITORS. 
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SERIES 719B1 (rvre MKc) 


Metalized Polycarbonate Capacitors 
(Philips 2222-344 Series) 


DESCRIPTION 


Nugget Series 719B1 metalized polycarbonate 
dielectric encased in a rectangular epoxy-encap- 
sulated flame retardant polypropylene case with 
sturdy solder coated terminal pins, they lend 
themselves readily to insertion into printed circuit 
cards, motherboards and similar modular 
assemblies. 


FEATURES 


Electrical 
m@ Rated capacitance range .01 to 6.8 uf 


m Tolerance on rated capacitance =10%, +5% 
# Climatic category 55/100/56 
@ Related specification IEC 384-6 


= Dielectric Withstanding—160% x rated (VDC) 
terminal to terminal 
200% x rated VDC between interconnected 
terminals & case 


@ Dissipation Factor 


tangent of loss angle 


<30x 10-4 <60 x 10-4 
<30x 10-4 <60 x 10-4 
<30 x 10-4 <75x10-4 


capacitance 


100 kHz 
<130x 10-4 


Cr <0,1 uF 
0,1 uF < Cr <1 uF 
Cr et uF 


Insulation resistance 


The insulation resistance is measured after a 
voltage has been applied for 1 min +5 s, the 
voltage being 100 + 15V for the 100V, 250V and 
4OO0V versions, and 500 +50V for the 630V ver- 
sion, at Tamb = 20°C. 
R between terminations, for CR<0,33 pF 
100V version > 15,000 MO 
250V, 400V, 630V versions > 30,000 MQ 


RC between terminations, for CR>0,33 yF 
100V version >5,000 s 
250V, 400V, 630V versions > 10,000 s 


R between interconnected terminations and case 
(foil method) > 30,000 MOQ 


= Maximum pulse load 


maximum pulse load (V/s) 


30 6 


13 


rated 
voltage 
V 


The maximum pulse load values in the table are 
valid for pulse voltage equal to the rated voltage. 
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For lower pulse voltages the given values may be 
multiplied by UR/applied voltage. 


Note 
If the pulse load requirement is satisfied, a check 


‘must be made to ascertain that the maximum 


dissipation is not exceeded. 
= Standard Voltage Ratings—100, 250, 400 
& 630 VDC @ +85°C 
63VAC, 160VAC, 220VAC @70°C 
= Storage Temperature —55°C to +100°C 
Mechanical 
@ Low cost 
# Precision dimensioned case—permits high 
package density 
= Mounting feet 
@ Self-healing 
= Low dissipation factor 
m High capacitance stability with temperature 
= Resistance to soldering heat with preheating 
capacitors mounted on a 1.6 mm board with 
non-plated holes 
Body Temp.: 80°C 
Bath Temp.: 260°C 
Dwell Time: 5 s 


HOW TO SPECIFY 
Series 719B1 Capacitors may be specified using the following 
designation: 
(See General Part Number Description for more details) 
719B1 GD 104P K 251 S B 
Series Tolerance Sree 
Case Size J= 5% — slanted 
K = 10% STANDARD 
Lead 
Configuration 
Capacitance F 
é Voltage Straight Lead 
| in (pF) at 85°C Lead Spacing 
In this example 101=100V Code , 
first two digits 251 = 250V A 0.394 (10mm) 
represent significant 401 = 400V B 0.591 (15mm) 
figures and last digit 631 = 630V D 0.886 (22.5mm) 
indicates the number E 1.08 (27.5mm) 


of zeros to follow. 
P = Place Holder 
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SERIES 719B1 


Metalized Polycarbonate Capacitors 


.020 + .004" 


100VDC (63VAC RMS) 


PHILIPS COMPONENTS 
PART NUMBER 


FOR THESE 
RATINGS USE 
THE CORRE- 
SPONDING 
HIGHER VOLTAGE 
LEVEL. 


719B1CA823P*101SA 


CA104 
CA124 
CA154 
CB184 
CB224 


719B1GD274P*101SB 


GD334 
GE394 
GE474 
GF564 
GF684 
GG824 
GG105 


719B1MH125P*101SD 


719B1 Series 


250VDC (160VAC RMS) A00VDC (220VAC RMS) 630VDC (220VAC RMS) 


PHILIPS COMPONENTS 
| PART NUMBER 
FOR THESE 
RATINGS USE 
THE CORRE- 


SPONDING 
HIGHER VOLTAGE 


719B1CA393P*251SA 


= 
1 
i 

, 


719B1CA103P*401SA 

CA123 

CA153 

CA183 

CA223 

CA273 

CA333 
719B1GD393P*401SB 


GD473 
GE563 
GE683 
GF823 
GF104 
GG124 
GG154 : 


719B1MH184P*401SD 


MH224 
MJ274 
MJ334 
ML394 
ML474 


719B1RM564P*401SE 


RM684 
RN824 
RN105 


Not Available 


OUTLINE DRAWING 


i 


197 + 039" 


+ 


—e| Ke 0d =0.032 


CASE SIZE TABLE 


Not Available 


PHILIPS COMPONENTS 
PART NUMBER 


PHILIPS COMPONENTS 
PART NUMBER 


719B1CA103P*631SA 


CB123 
CB153 
00183 
C0223 


719B1GE273P*631SB 
GE333 
GF393 
GF473 
GG563 
GG683 
719B1MH823P*631SD 


MH104 
MJ124 
MJ154 
ML184 
ML224 
RM274P=31 
RM334 
RN394 
RN474 


Not Available 


* TOLERANCE: K = + 10% (STD), J = = 5%, 


TYPICAL MARKING EXAMPLE 


MARKING (TOP VIEW) 
CAP UF/TOLERANCE/VOLTAGE WVDC 
LAST EIGHT DIGITS OF CATALOG NUMBER 


0.10/10/250 
344/45104 


DIMENSION IN INCHES (mm) MAXIMUM 


“T” THICKNESS 


SERIES 719B1 


“S” SPACING 


INCHES mm 


LEAD SIZE 
AWG 
20 


NOTICE: MISAPPLICATION SUCH AS EXCEEDING DESIGN LIMITS MAY 
RESULT IN DESTRUCTION OR EXPLOSION OF CAPACITORS. AVAILABLE BULK ONLY 
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SERIES 704C 1 (ype ks) 


-Metalized Polycarbonate Capacitors 
(Philips 2222-341 Series) 


DESCRIPTION 


‘Micro Poco” polystyrene and foil capacitors 
consist of low-inductive wound cells of metal 
foil with a polystyrene capacitor grade film. The 
cells are covered with a green plastic sleeve. The 
axial leads consist of solder coated wire. 


Es BeLammiended for hand insertion only. 
FEATURES Caution: Cleaning (open ends). 


Electrical | @ Very high stabilit 
@ Rated capacitance range 47 pF to 39,000 pF obs 


# Climatic category machine. 


63V-40/070/21 160V, 250V, 630V-40/085/21 wm Suitable for both point to point wiring and PC 
@ Related specification IEC 384-7 board insertion. Vertical and horizontal mount. 


@ Dielectric Withstanding—200% x Rated (VDC) ig Resistance to soldering heat with pre-heating 


terminal to terminal 
0 capacitors mounted on a 1.6 mm board with 
200% x rated VDC between interconnected non-plated holes. 


terminals & case; min. 400V Body Temp.: 80°C 
= Dissipation Factor Bath Temp.: 260°C 
tangent of loss angle Dwell Time: oS 


——— HOW TO SPECIFY 


Series 704C1 capacitors may be specified using the following 
<5x10-4 


<10x10-4 designation: 
<5x10-4 <10x10-4 (See General Part Number Description for more details) 
<5x10-4 <15x 10-4 


<5x10-4 <25x 10-4 


capacitance 


Cr < 1000 pF 
1000 pF < Cp < 10000 pF 
10000 pF < Cr < 20000 pF 
Cr > 20000 pF 


@ Insulation Resistance >100,000MQ (between | 
terminations and terminations and case) ones ale 
Case |. Ac 


- = cin 
™@ Temperature Coefficients (PPM/°C) - (125460) 10-/k me Standard 
F=+1% Milas and 
= Standard Voltage Ratings a ch 
63VDC @—40°C to 70°C In this example 630= vena 70°C) X= gers: 
160VDC, 250VDC, 680VDC @ —40°C to +85°C the first two digits 161=160V(85°C) =o 
f represent significant 251=—250V(85°C) 
Mechanical figures and last digit 631=630V(85°C) 
m™ Translucent sleeve to preserve marking legi- esses oat al 
bility through the manufacturing process. seer 
= Low self inductance Rating Code 
10PF 100 
m@ Low series resistance 400PF 101 
@ High ie +4% +20% tol 1000PF 102 


m@ Very small size 
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| @ Precisely centered lead— making them com- 
@ Tolerance on rated capacitance +5%, +2%, +1% . patible with automatic lead cutting and bending 
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SERIES 704C1 


Polystyrene & Foil Capacitors 


TYPE 704C1 


63VDC (25¥AC RMS) @ 70°C 


MAX. DIMENSIONS MAX. DIMENSIONS | MAX. DIMENSIONS | | MAX. DIMENSIONS | 
PHILIPS COMPONENTS “D” | PHILIPS COMPONENTS “D” | PHILIPS COMPONENTS PHILIPS COMPONENTS 
PART NUMBER’ DIAMETER | PART NUMBER’ DIAMETER | PART NUMBER’ PART NUMBER" 


FOR THESE 
FOR THESE RATINGS USE THE 
RATINGS USE CORRESPONDING 
FOR THESE THE CORRE— HIGHER VOLTAGE 
RATINGS USE SPONDING LEVEL. 
HIGHER VOLTAGE 
LEVEL. 


HIGHER VOLTAGE 
LEVEL. 


AA222P*630AX 
AB272 
AB332 
AB392 
AC472 
AC562 
AD682 
FD822 
FD103 
FE123 
FE153 
FF183 
FG223 
FH273 
FJ333 
FK393 


NOT AVAILABLE NOT AVAILABLE 


*INSERT APPROPRIATE LETTER INTO PART NUMBER 
F=+1% (OR 1PF, WHICHEVER IS GREATER) 

G=+2% 

J=5% 


SOTICE MIS FOR CAPACITANCE RATINGS NOT LISTED REFER TO. 
: MISAPPLICATION SUCH AS EXCEEDING DESIGN LIMITS MAY 
prove rpeinahiaas 

+5% Tol. E24 SERIES 

+2% Tol. E24, E48 SERIES 


+1% Tol. E24, E48, E96 SERIES 


AVAILABLE BULK OR TAPE & REEL. 
OUTLINE DRAWING 


NOMINAL CAPACITANCE 
' IN NANOFARADS OR 


j 
ef ee ES eee foe PICOFARADS, 
// i 4 © 


TOLERANCE, RATED VOLTAGE 


Lead Length: 1.10 inch min. both sides ence me FACTORY DATE CODE 
& CODE FOR DIELECTRIC MATERIAL 


' L ] D TYPICAL MARKING EXAMPLE 
/ // 
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SERIES 704C1 


Tape & Reel Packaging Specifications 


22° 30'(16x) 


-_—-— >» 


BSSMVeVeswoee4uase sseswese' 


“| 7 7a | 305 


30 77 85,6 92 OF 


| | 356 


»LkBBABASVBSASBSSVSRBSBSBWSBESESBSBES 


72735841 


a 


Fig. 11 Reel; for dimensions B see Table 9. 
300mm leader at 1: capacitor 4: flange 
beginning and end 2: bandolier 9: cylinder 

3: paper 


Packing on bandoliers on reels Dimensions in mm 
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704C1 Series 


capacitance values (pF) of T for number (n) of 


capacitors 
160 V version | 250 V version | 630 V version n <50 50<n<100 
1 100—2 700 560— 1500 51— 680 5(n-1)+2 5(n-1)+4 
3 000—16 000 | 1 600—11 000 | 750—5 600 10(n-1)+2 


10(n-1)+4 
Characteristics concerning taped capacitors: Storage conditions: 
Pull-out force of the component >2N Storage temperature range —25 to +40°C 
Tearing force of tape >10N Relative humidity | <80% 


63 V version 


2 000— 5000 
6 200—39 000 
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SERIES 719C1 


(TYPE KS) 


Polystyrene & Foil Capacitors 


(Philips 2222 443 Series) 


DESCRIPTION 


Series 719C1 polystyrene and foil capacitors 
consist of low-inductive wound cells of metal foil 
with polystyrene capacitor grade film. Encased 
in arectangular epoxy encapsulated flame retard- 
ant polypropylene case with sturdy tinned solder 
coated pins. They lend themselves readily to 
insertion into printed circuit cards, mother boards, 
and similar modular assemblies. 


APPLICATIONS 

For use in LC filters, particularly in telephone 
equipment where high requirements are imposed 
on precision, stability, humidity, dissipation fac- 
tor, and reliability. The dimensions are such that 
in combination with current available ferrites, a 
high package density is possible. 
FEATURES 


Electrical 
m@ Rated capacitance range 100 to 34,000 pF 


@ Tolerance on rated capacitance +1% 


= Climatic category: Class 1 55/070/56 
Class 3 55/085/56 


@ Related specification IEC 384-7 


@ Dielectric Withstanding—200% x Rated (VDC) 
terminal to terminal. 
400 VDC between interconnected terminals & 
case (foil method). 


@ Dissipation Factor 


tangent of loss angle 


at 1 kHz at 100 kHz 


<5x 10-4 
<5x10-4 
<5x10-4 
<=5%.10-4 
=5x 10-4 
=5x%70"4 
<5*x104 


Capacitance 


at 1 MHz 


Cr< 500pF 
500 pF<CR< 1000 pF 
1000 pF<CR<10000 pF 
10000 pF <CR<15000 pF 
15000 pF <CrR<20000 pF 
20000 pF <CR<30000 pF 
Cr>30000 pF 


<60 x 10-4 


@ Insulation resistance 
The insulation resistance is measured after a 
voltage of 10 + 1V has been applied for 1 min 
+5 s, at Tamb = 20°C. 


R between terminations >500000 MOQ 
R between interconnected | 
terminations and case >500000 MOQ 


=# Temperature Coefficients (PPM/°C) 
Cr < 15000PF —(125+30) x 10°°/K 
C > 15000PF —(160+40) x 10° YK 


@ Standard Voltage Ratings— 
Class 1 (Stability Class) 683VDC 
@ —-55°C to +70°C 
Class 3 (Stability Class) 68VDC 
@ 55°C 10 :+65°C 
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Mechanical 
@ Low inductance 


m@ Low series resistance 
@ High precision +1% tolerance 


m@ Precisely dimensioned case—Permits high 
package density. 


= Mounting feet 
@ Flame retardant 
@ Withstand most solvent and rinsing liquids 


@ Lead solderability—Tested in accordance with 
MIL-STD-202, Method 208. 


m@ Resistance to soldering heat with pre-heating 
Capacitors mounted on a 1.6 mm board with 
non-plated holes. 

Body Temp.: 80°C 
Bath Temp.: 260°C 
Dwell Time: 5s 


TYPICAL MARKING EXAMPLE 
CASE SIZE “CA’ (FIGURE 1) 

LINE 1: CAPACITANCE IN PF WITHOUT PF UNIT SYMBOL 
LINE 2: TOLERANCE CODE (F=+1%); RATED VOLTAGE 

VDC 
LINE 3: PRODUCTION DATE CODE; DIELECTRIC CODE 

(POLYSTYRENE=KS) 
OUTSIDE FOIL (EARTH SIDE) IS INDICATED BY A VERTICAL 
LINE TO LEFT OF 2ND AND 3RD LINE OF MARKING AND 
BY THE BEVELLED CORNER. 


CASE SIZE “CA” 
CASE SIZES “CB” & “CC” 
LINE 1: CAPACITANCE IN PF 412P 
WITHOUT PF UNIT F 63 
SYMBOL KOKS 


LINE 2: TOLERANCE CODE 
(F=+1%), RATED 
VOLTAGE VDC 
LINE 3: PHILIPS TYPE NO. 443 
LINE 4: PRODUCTION DATE 
CODE; DIELECTRIC 
CODE (POLYSTYRENE = KS) 


CASE SIZES “CB” & “CC” 


SERIES 719C1 


Polystyrene & Foil Capacitors 


HOW TO SPECIFY: 719C1 SERIES, CAPACITANCE VALUES AVAILABLE (IN PF) 
Series 719C1 capacitors may be specified using the following 5760 10200 18200 
designation: 5900 10500 18700 


(See General Part Number Description for more details) 6040 10700 19100 
6190 11000 20000 
719C1 CB 103P F 630 S G 6340 11300 21000 


6490 11500 21500 
6650 11800 22100 

or srt ze ie 
Sm lanaele 7150 12700 23700 


7320 13000 24300 


Case Tolerance 
Size F=+4% 7500 13300 24900 
7680 13700 25500 
7870 14000 26100 
sas ars 8060 14300 27400 
in (p 8250 14700 28000 
In this example pa 8450 15000 28700 
the first two digits aa 8660 15400 29400 
represent signi- i 8870 15800 30100 
ficant figures | 9090 16200 30900 
sar ee ae 9310 16500 31600 
indicates the . : 
Lead Configuration 9530 16900 32400 
number of zeros g 9760 17400 33200 
to follow. Straight Case 10000 17800 34000 Ry 
P = Place Holder Lead Code’ Size — 
EF “CA” ipl ; dt , 3 
“AR” e capacitors are designed for mounting on 
AVAILABLE BULK ONLY. ‘ ae printed-wiring boards. The required space on ?) 
the printed-wiring board for a hole diameter of % 
1 mm is given in Figs 4, 5 and 6. 3S 
scenic 63 VDC-25 VAC RMS (:+1% TOLERANCE ONLY) 2 
oe FOR CAPACITANCE VALUES AVAILABLE SEE NOTE ABOVE Pt 
CASE SIZE “CA” CASE SIZE “CB” CASE SIZE “CC” 
Bottom Bottom 7 
7] View View 
al me 
13 13 __| 
a | * 2 | 
as! i | 05 = 
+Omm a ' +Omm 
. omm —imm 5mm —1mm 
u _4 
os! x 06 = ee! a 
Fig. 1 Capacitors of rated Fig. 2 Capacitors of rated Fig. 3 Capacitors of rated 
capacitance range 100 to capacitance range 100 to capacitange range 15400 
3920 pF 15000 pF to 34000 pF. 


10.78 mm 


Fig. 4 Required space for capacitors Fig. 5 Required space for capacitors Fig. 6 Required space for capacitors 
according to Fig. 1. according to Fig. 2. according to Fig. 3. 


NOTICE: MISAPPLICATION SUCH AS EXCEEDING DESIGN LIMITS MAY 
RESULT IN DESTRUCTION OR EXPLOSION OF CAPACITORS. 
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SERIES 7O3E1 tyre kp) 


Polypropylene Film & Foil Conformal Coated 
Capacitors (Philips 2222-460 Thru 464 Series) 


DESCRIPTION 


Polypropylene and foil capacitors consist of low 
inductive wound cells of metal foil and a poly- 
propylene film. The cell is protected by a hard, 
non-flammable water repellant, solvent resistant, 
blue epoxy coating. The long axial leads of solder- 
coated wire make the capacitors suitable for 
vertical or horizontal mounting on printed-wiring 
boards. 


APPLICATION 


For use in circuits where precision, reliability and 
low losses are of prime importance, i.e., Tuned 
Circuits, Filter Networks, Timing Networks, etc. 


FEATURES 


Electrical 

= Climatic category 40/100/56. 

@ Related specification IEC 384-13. 

@ Dielectric Withstanding—200% x Rated (VDC) 
terminals to terminals. 
200% x rated VDC between interconnected 
terminals and case, min. 400V. 

@ Dissipation Factor 


tangent of loss angle 


at 1KHz at 100KHz 


capacitance 
at 1MHz 


Cr< 1000 pF = 10x10 * 
1000 pF<CrR< 5000 pF *Single ended 
5000 pF<Cp <20000 pF < 13x 107 

20000 pF <CR<47000 pF 


Cp>47000 pF 


& Insulation Resistance 
The insulation resistance is measured after a 
voltage has been applied for 1 min + 5 s, the 
voltage being 10 + 1V for the 63V version, 
100 + 15V for the 160V and 250V versions. 


R between terminations >100000 MQ 
R between interconnected 
terminations and case >100000 MO 


= Temperature coefficient 
between —40 and +20°C 
for 400V-630V —(125+125) 10-6/K 
for 638V-160V-250V —(125+60) 10-6/K 
between +20 and +100°C —(250+1 20) 10-6/K 
= Standard Voltage Ratings 
63, 160, 250, 400, & 680 VDC @ +85°C 
40, 63, 125, 160, & 200 VAC (RMS) 


= Capacitance Range (Available) 47 to 62,000 pf 
+5%+E24 DECADE 
+2%—E24 & E48 DECADE 
+1%—E24, E48, E96 DECADE** 


=@ Tolerance On Rated Capacitance: 
+5%, +2% or 2 pF whichever is greater. 


Mechanical 
m@ Low series resistance 

@ Low self inductance 

@ Very small size 

=@ Precision tolerance 

@ Precisely centered lead making them compati- 
ble with automatic lead cutting and bending 
machines. 


@ Suitable for both point to point wiring and PC 
board insertion. 


= Lead solderability—Tested in accordance with 
MIL-STD-202, Method 208. 


@ Resistance to soldering heat with pre-heating: 
capacitors mounted on a 1.6 mm board with 
non-plated holes. 

Body Temp.: 80°C 
Bath Temp.: 260°C 
Dwell Time: 5s 
™ Storage Temperature Range —25°C to +40°C 


) 
HOW TO SPECIFY ©@<=80%RH 

Series 703E1 Capacitors may be specified using the following 
designation: (See General Part Number Description for more 
details) 


703E1 FE 103P G_ 161 A X 
| [ Tolerance [ 
7 Cas 7 
: J=+5% A= 
Series Code G=+2% voltage Axial 
1 *F=+1% at 85°C aia 
Capacitance 630= 63V 
In (pF) 161=160V 
In this example 251=250V 
the first two digits 401=400V 


represent significant — 
figures and last digit ee 


indicates the number econ 
of zeros to follow. T = Tape & Reel 
. P = Place Holder S = Single-ended (Radial) 
See Statement on 1% Tolerance. Tape & Reel 
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SERIES 703E1 


Polystyrene & Foil Conformal Coated Capacitors 


CASE SIZE TABLE 


DIMENSIONS IN INCHES (MM) MAXIMUM 


OUTLINE DRAWING ‘For clean lead to clean lead due to conformal coating 


Case Ais .512"” max and Case F is .670" max. 


(AXIAL STYLE) 
g(r 


MM 
5.5 


@.051| 
= L: D ae 
Lead Length: 1.10" (28mm) Min. Both Sides | 
OUTLINE DRAWING 7.2 Max mm (.283") 
(RADIAL STYLE) 
TYPICAL MARKING EXAMPLE 
Nominal Capacitance (NF or PF) 10n 
Tolerance Code & Rated D.C. Voltage 
Ltot LMax 16.5 mm (.650") (without symbol) G 160 
Dielectric Code & Date Code KP 9 
Name of Manufacturer Philips 
**1% tolerance units available. However, AC may be as much as 
PITTI LITTLE La Le 1.25% on parts shipped. 


Seating Plane 
holeg 1mm mm 0.2 


veovne (eswacy | 2sownccizeuacy || aogvnc (ieavac) | 630V0C (200¥AC)_ 


PHILIPS COMPONENTS PHILIPS COMPONENTS PHILIPS COMPONENTS PHILIPS COMPONENTS PHILIPS COMPONENTS 
PART NUMBER" PART NUMBER* PART NUMBER’. PART NUMBER* PART NUMBER 


703E1AD470P*631AX 
AD560 


ssop2edeg) uli 


AD680 

FOR THESE RATINGS USE THE AD820 

FOR THESE RATINGS, USE THE CORRESPONDING HIGHER AD101 
CORRESPONDING HIGHER VOLTAGE LEVEL AD121 


703E1AD151P*401AX 


AD181 
AD221 
AD271 
AD331 
AD391 
AD471 
AD561 
AD681 
AD821 
AD102 


VOLTAGE LEVEL 


703E1AD122P*251AX 
AD152 
AD182 


703E1AD392P"161AX 
AD472 
AD562 
703E1AD682P*630AX FE682 
AD822 FE822 
FE103 FE103 
FE123 FE123 
FE153 FE153 
FE183 FF183 
FE223 FG223 
FF273 FH273 
FG333 FJ333 
FH393 FK393 
FJ473 
i NOT AVAILABLE NOT AVAILABLE NOT AVAILABLE NOT AVAILABLE 


—. TOLERANCE NOTICE: Misapplication such as exceeding design limits may result in destruction 
G=+2% or explosion of capacitors. 
F=+1%** 


STRAIGHT AXIAL LEADS AVAILABLE BULK OR ON TAPE & REEL. RADIAL LEADS TAPE & REEL ONLY. 
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SERIES 703E1 


Tape & Reel Specifications (Axial) 


Packing on bandoliers on reels Dimensions in mm 


—=— Lmax “4 
= 3,2 min 


a 63.5415 7284037 
i a a 


Capacitors on bandoliers; for dimensions S and T, see Table 
B1-B2| — max. 1,4 mm; for dimension Lmax,, See size table. 


Capacitance values (pF) of T for number (n) of 


S Capacitors 
63 V version 160 V version | 250/400/630 V version 50<n<100 


6 800— 9 100 3 600— 6 200 47— 3300 9] S(n-1)=2 | 5(n-1)+4 
10 000—62 000 6 800—39 000 3 600—22 000 10 | 10(n-1)+2 | 10(n-1)+4 


Characteristics concerning taped products 


o5° 30'(16x) For axial leads 

<— — Pull-out force of the component >2N 
Pull-off force of adhesive tape >6N 
Tearing force of tape =] 

Storage conditions 


Storage temperature range —25°C to +40°C 
Relative humidity <80% 


@ 

- oy 
“@ 

ove.1e 


————> 


| | 356 


‘BWSBOBVeseaeaue—seseauae 


300mm leader at | rr 
beginning and end N@ | See 
“==Note te 
: __ 1: capacitor 4: flange 
Note 1—axial lead 80 mm/radial lead 52 mm 2: bandolier 5: cylinder 
3: paper 
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SERIES 703E1 


Tape & Reel Specifications (Radial) 


a=30° to 40° 
=>1 
. ° Single ended on tape on reel. 


Pitch of components P 12,7+1,0 
Feed hole pitch Po 12,7+0,2 
Cumulative pitch error T 1,0 per 20 spacings 

0,5 per 4 spacings a 
Feed hole centre to lead at topside at the tape Py 3,85+0,5 > 
Feed hole centre to body centre i) 6,35+1,0 
Lead to lead distance F 5,08 +0,4 —0,2 g 
Component alignment Ah 0+1,2 rN) 
Component alignment Ap +1,0 xs 
Tape width Ww 18,0+0,5 oe 
Hold down tape width Wo min. 5,5 © 
Hole position Wy 9.0+0,5 ae 
Hold down tape position W92 max. 0,5 S 
Lead wire clinch height Ho 16,0+0,5 7) 
Component height H4 max. 32 
Feed hole diameter Do 4,0+0,2 
Total tape thickness t 0,7+0,2 
Length of snipped lead L max. 11,0 
Lead wire (tape portion) shortest lead L4 min. 2,0 
Lead wire protrusion Lo max. 4 


direction of 
unreeling 


Reel for single ended version. 


For radial leads 


Pull-out force of the component >5N 
Pull-off force of adhesive tape >6N 
Tearing force of tape >15N 
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SERIES 719F1 cryre kp/MMKpP) 


Polypropylene Series Construction Capacitors | 
(Philips 2222-376 Series) cement 


DESCRIPTION 


The capacitors consist of a series-constructed, 
low-inductance wound cell of polypropylene film, 
aluminum foil and double metallized polyester 
film. The cell is potted with epoxy resin in a flame 
retardent polypropylene case. The radial leads 
are of solder-coated wire. The capacitors can 
withstand solvents and rinsing liquids without 
damage. They are provided with small stand-off 
pips to allow removal of solder flux etc., when 
cleaning the printed-wiring board. 


APPLICATION 


These capacitors are for applications where high 
currents and steep pulses occur. They are mainly 
used for deflection circuits in television receivers, 
to operate at high peak currents at line frequency. 


FEATURES 


Electrical 


m Rated Capacitance Range (E12, E24 Series) 
001 uF to 0.27 uF 


#@ Climatic Category 55/100/56 


- @ Related Specification IEC 384-17 
‘@ Dielectric withstanding—160% x rated (VDC) 


terminal to terminal. 2840 VDC between inter- 
connected terminations and case. 


Rated voltage Dissipation factor @ 25°C @ 100 KHZ 
V L=17.5 mm L=265 mm 


& Insulation resistance 
The insulation resistance is measured after 
a voltage of 500 +50 V has been applied for 
1 min.=5 s, at Tamb=23°C. 


R between terminations > 100000 MO 
R between interconnected 
terminations and case > 100000 MO 


@ Standard voltage (DC) ratings 630V, 1000V, 
1600V, 2000V @ +85°C 
AC @ 60HZ, 300V, 400V, 500V, 600V @+70°C 
Mechanical 
@ Low cost—Available Bulk 


™ Precisely dimensioned case-permits high 
density : 

= Mounting feet 

@ Flame retardant 

@ Lead solderability—Tested in accordance with 
MIL-STD-202 method 208 

@ Withstand most solvent and rinsing liquids 


# Storage conditions——25°C to +40°C RH max 
80% w/o condensation | 


HOW TO SPECIFY 


Series 719F1 capacitors may be specified using the following 
designation: 
(See General Part Number Description for more details) 


719F1 RP 104P K 631 S 
cs 
Series Tolerance m 
J=+ 5% Specification 
Case K=+10% S = standard 
Size W=+3.5% 
(Special) Voltage 
Capacitance @ 85°C 
in (pF) 630VDC = 631 
In this example 1000VDC = 102 
the first two digits 1600VDC = 162 Lead 
represent significant * La “| 4 
figures and last digit 2000VDC = 202. ~— Configuratic 
indicates the number i zs 
of zeros to follow. oe Lead 
P = Place Holder eae 
D 22.5/0.§ 
*+5% Tol. Only E 27.5/1. 
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SERIES 719F2 (ryPE MKP OR MKP/MKP) 


Polypropylene Construction Capacitors 
(Philips 2222-378 Series) ia 


DESCRIPTION 


The capacitors consist of a low-inductance 
wound cell of metallized polypropylene film. The 
cell is potted with epoxy resin in a blue flame 
retardant polypropylene case. The radial leads 
are of solder-coated wire. The capacitors can 
withstand solvents and rinsing liquids without 
damage. They are provided with small stand-off 
pips to allow removal of solder flux etc., when 
Cleaning the printed-wiring board. 


APPLICATION 


These capacitors are for applications where high 
currents at high frequencies, and steep pulses 
occur, or high stability is required. Their small 


dimensions make them suitable for circuits with ™ Lead solderability—Tested in accordance with 


high package density. 
FEATURES 


Electrical 

@ Rated Capacitance Range .0033 uF to 3.3 yF 
@ Climatic Category 55/085/56 

@ Related Specification IEC 384-17 


@ Dielectric withstanding—160% x rated (VDC) 
terminal to terminal. 2840 VDC between inter- 
connected terminations and case. 


@ Dissipation Factor | 


rated Dissipation Factor @ 25°C 
voltage | at 10kHz at 100kHz 
L = 26 mm 


< 70x 10-4 


Mechanical 


# Low Cost—Available Bulk 


= Precisely dimensioned case-permits high 
density 


~ m Mounting feet 
m= Flame retardant 
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MIL-STD-202 method 208 

B Insulation resistance 
The insulation resistance is measured after a 
voltage of 500 +50 V has been applied for 
1 min.+5 s, at Tamp=23°C. 


s10zoedey) uljif ae 


R between terminations >100000 MO 
R between interconnected 
terminations and case >100000 MO 


= Standard voltage (DC) ratings 250V, 400V, 630V, 
1000V, 1600V, 2000V @ +85°C 


m AC @ 60HZ ratings 160V, 200V, 300V, 400V, 
500V, 600V @ +70°C. 


HOW TO SPECIFY 


Series 719F1 capacitors may be specified using the following 
designation: 1 
(See General Part Number Description for more details) 


719F2 MG 104P K 631 ; F 
Specification 
S=standard 
T=tape & reel @ 18 mm 
D=tape & reel @ 16.5 mm 

v 


Case 


: Tolerance 
Size 


Series J=+5% 
waa " d 
in (p Lea 
inthis example a5qvD¢ = 251 Configuration 
the first two digits yzqoyvpc = 401 Straight 
represent signi-  ¢30VDC = 631 Lead Code 
ficant figures 1000VDC = 102 D 
and last digit 1600VDC = 162 EF 
indicates the 2000VDC = 202 Lead 
Spacing 


22.5/0.886 
27.5/1.08 
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Voltage 


number of zeros 
to follow. 
P = Place Holder 
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719F1 SERIES 
719F2 SERIES 


CAPACITANCE —e CASE SIZE 


CASE SIZE TABLE SERIES 719F1 & 719F2 


VALUE | CODE CUMIERL Aaa 1000 | 1600 | 2000 | 250 | 400 | 630 | 1000 | 1600 | 2000 LENGTH (MAX) HEIGHT (MAX) LEAD SPACE es 
DC | DC | DC | DC |pc |pc | pc | pc | pc | pvc INCH _ MM | INCH MM | INCH 


GD 
NOT AVAILABLE GE 
GF 
GG 


NOT AVAILABLE 


OUTLINE DRAWING 
Length 
—_— (max) a | emai 
a 
Height 
(max) 
0.5mm 
smm=1 +t +0.10mm 
——-S —eJ —>| ke d=0.032 
#012 (#20 AWG) 


TYPICAL MARKING EXAMPLE 
Top &/or Side 


ee DES Nominal Cap (uk PE NF)/ 24NK 630 
Tol./Rated D.C. Voltage 
Dielectric Code, Type 876 61 KP/MMKP 
a ees Code, Manufacturer Philips 3942 


Date Code (Yr/Wk) 


NOTE: Variation in label information possible depending OF 
unit size & type. 
Part Number Examples: 


1..01 MF +10% 1600VDC (719F1 Series) = 719F1MK103PK162SD 
Straight Lead/22.5 mm Spacing 


2.1.5 MF +5% 400VDC (719F2 Series) 
Tape & Reel @ 18 mm / 27.5 mm Spacing = 719F2RH155PJ401TE 
3. Same as 2 Except Bulk = 719F2RH155PJ401SE 


DC/AC Voltage Ratings 


VDC @ 
VAC @ 
70°C 


NOTICE: MISAPPLICATION SUCH AS EXCEEDING DESIGN LIMITS MAY 
RESULT IN DESTRUCTION OR EXPLOSION OF CAPACITORS. 
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Ta 


NUMBER OF CAPACITORS PER REEL 


Nominal reel width | | 
w+2mm 


he maximum number of empty places per reel 
lay not exceed 0.5% of the total number of | 
omponents per reel. 


wo consecutive components may be missing 
rovided that this gap is followed by six con- | 
ecutive components. 
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direction of 
unreeling 


TAPE & REEL 


DESCRIPTION 

Center of lead to center of 
lead distance 

Lead wire diameter 

Distance between the 
longitude axis of the 
component 

Feed hole pitch* 

Feed hole center to lead center 


Hole center to component 
center 
Component alignment 


Tape width 

Hold down tape width 

Hole position 

Hold down tape position 

Height of component from 
tape center 


Component height 


Lead wire protrusion 

Feed hole diameter 

Total tape thickness 

*Error 1mm per 20 pitches 


a SERIES 719F 2 cryre MKP OR MKP/MKP) 


pe & Reel Specifications (Radial) 


MM 
22.5.+0.5 —0.1 
2/.9:70.5.-071 
0.8 +0.08 —0.05 
38.1 = 1 


12.4: 6.2 
7.8 £07 
5.3 0.7 
19.9 451 


0 7:2 
a 13 
18;+65 
15 =0.5 
9+05 
0.5 —6*15 
18 + 2 (standard) 
165: +05 
(special) 
40 max. 
50 max. 
0.5 min. 
40+ 0.2 
0:5 + 0.2 
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SERIES 719F1 
SERIES 719F2 


Part 1 


719F1 & 719F2 Power Capacitors Design Section 

This Design Section has been established in‘? 
order for our customers to determine which 
Capacitor is best suited for use in their particular VYp-—|—- — 
application. By following these guidelines the 
designer can determine which capacitor type to 
use. 

This section is a guide. If questions arise please 


contact a Philips Components sales office or the | 

Film Capacitor facility direct at Columbia, S.C. — —- 
Part 1 General Application Informations ——_—_—_—_ 1, 

Part 2 719F1 Series (Philips 2222-376) 

Part 3 719F2 Series (Philips 2222-378) Vo. = 1200 V; 
APPLICATION INFORMATION FOR 719F1 & 719F2 oe eee 

SERIES CAPACITORS T. =64 is. 

The following six constraints should be taken into . 

consideration when selecting a capacitor for a Fig. 17 Half-sinewave pulse. 


given application: 
1. The peak voltage (V.) should not exceed the Analysis 
rated DC voltage. 1. The peak voltage V, of 1100 V is less than 
2. The peak to peak voltage (V,.,) should not be _ the rated 1600 VDC. 
greater than 2. 2 timesthe rated AC voltage 2. The peak to peak voltage of 1200 V is less 
to avoid the ionisation inception level. than 500 VACx2.Vv2 (= 1414 Mies): 
3 (a). The peak current (I,) should not exceed a0 
the maximum peak current, defined as * a er pulse slope dV/at: 57 1200V/us 
maximum voltage pulse slope (dV/dt) _ Y* a ie be 
multiplied by the capacitance: This is lower than 1600 v/us specified in Table 9. 


4. The dissipated power is 180 mW as calculated 


_ dV 
|, max = C (-Gy) max. with Fourier terms. This is less than the 320 


mW allowed for a capacitor with dimensions of 


or: 1 din 
3 (b). The voltage pulse slope should notexceed /,0 x 16,5 x 26 mm as shown in Fig. 15. 


the rated voltage pulse slope. Where the 5. The free air ambient temperature is 50°C, ~ 


pulse voltage is lower than the rated voltage, which is below the 70°C maximum figure. 


the values in Table 9 may be multiplied by 6. In the event of failure of the Capacitor, the power 


U./applied voltage. is limited to 0 VA. 

4. The maximum power dissipation, as defined 
previously, must not be exceeded. 

0. The free air temperature for the capacitor 
should not exceed the rated temperature. 

6. As with all metallized film capacitors, there is 
an intrinsically active flammability risk. It is 
therefore recommended that these capacitors 
are only employed in circuits where in the 
event of failure of the capacitor, power to the 
capacitor is limited to less than 5 VA. 

Example 

A 10 nF, 1600 V capacitor selected for use with 

an applied voltage signal as shown in Fig. 17. 

In the event of capacitor failure, the power is 


switched off. The ambient temperature is 50°C. 
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SERIES 719F1 cree kp/Mkp) 


Part 2 
I. CAPACITANCE 
Tomb (°C) 
Capacitance as a function of ambient free air temperature, typical curve. 
I. IMPEDANCE , 0, 


10 


1S 
ee As Oe ee EE 


aa: Sc na aaa eH 
108 10° 107 108 
f (Hz) 


Typical Values 
1 = 180 NF @ 1000VDC 
2=10NF @ 1600VDC 
3 = @ 1 NF 2000VDC 
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SERIES 719F 1 cryre kp/MMKP) 


Part 2 


lll. VOLTAGE 
1000 ee Eee ee GW ee ee Le ee ee eee ee, es | ee Ge aaa ch tatitchodtl 
@ 300 VAC ES Se SS OS Os (o O8 Lk AAMORENSLS Ga’ eget eal Et C0) a mae : 
(630 VDC) 5 ,.~—— t+ ttt 4 
> ik eee Pee as i 4 
§ ae sili aaa Fa : 
@ 200|— 23i o e ee SAS 
100 TSS als = = \ ———_S=—— a fee ee es es 
Po et | —————t— a | 
gees = SS 
See sg 
TSS SS 
20 TSS WSN 
' SA 
102 103 104 108 t (Hz) 108 
Curve 1: 0,27 uF Curve 4: 0,027 pF 
Curve 2: 0,12 pF Curve 5: 0,022 uF 
a Curve 3: 0,056 uF Curve 6: 0,0068 pF 
I 
=| AC voltage (V) 
© Rated AC voltage (RMS value) as a function of frequency at 
3 Tnp = 85°C for U, (DC) = 630 V. 
S > 506 ra as eae 
y g eS 
& s HSS it 
_ Te NN tt 
< abl 
Tn Cor SSS SS SS ot lI 
——==--- pS eam PER =sasee 
— POR ORR 
50 oe se SS Se A See! Ge Ga a 


aan Se i zi 1 ones 
RASS 
UT NAGS TT 


Tt ZEN 


102 103 104 105 £ (Hz) 106 
Curve 1: 0,18 uF Curve 5: 0,015 uF 
Curve 2: 0,082 yF Curve 6: 0,0082 pF 
Curve 3: 0,047 pF Curve 7: 0,0047 uF 


Curve 4: 0,027 uF 
AC voltage (V) 


Rated AC voltage (RMS value) as a function of frequency at 
T amb < 85°C for U, (DC) = 1000 V. 


442 Philips Components * 6071 St. Andrews Road * Columbia, SC 29212-3198 » (803) 772-2500 « FAX: (803) 772-2445 


SERIES 719F 1 crvpe kp/MMKp) 


Part 2 


: @ 500 VAC 1000 = 7290585.3 
(1 600 VDC) ” enone TTT — ween 
eG ee eee 1 ae See 
e ae ae Oe a a tooo Ps me | 
s = cot iim i 
. NG 
INS 
100 | — BSSSAN pf} ft 
os aw ee 
50 ——— 1 od oo 7 
a 
; Se Se Sate 
“02 104 108 f (Hz) ‘108 
Curve 1: 0,056 uF Curve 4: 0,0068 yF 
Curve 2: 0,027 pF Curve 5: 0,0039 pF 
Curve 3: 0,015 pF Curve 6: 0,0018 uF a 
— 
a AC voltage (RMS value) as a function of frequency at = 
Tomb < 85°C for U, (DC) = 1600 V. 9 
3 
| @ 600 VAC 1000 — =aase —— = aoe g 
(2000 VDC) _ e ee Tt) 
> Seed eee cee ~t 
3 a a 8 ORS sk S 
: THE 7 BSUS G 


Sot \Sail 


SSS 
SSS 


102 103 104 f (He) 106 
Curve 1: 0,033 uF | Curve 4: 0,0039 pF 
Curve 2: 0,015 pF Curve 5: 0,0027 uF 
Curve 3: 0,01 uF Curve 6: 0,001 uF 


Rated AC voltage (RMS value) as a function of frequency at 
T amb = 89°C for U, (DC) = 2000 V. 


AC voltage (V) 


Rated Voltage Pulse Slope (All Values): 
Not Applicable, Limited By Network Conditions 
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IV Power dissipation (maximum) 


The power dissipated by a capacitor is a function of the voltage across the series resistance 
(R,) or of the current through the series resistance and is expressed by: 


2 
r= VR" = I2acR, 
Rs 
C Rs Tac 
a 
<+—\p, 


|-<————  , .~—_—___—____—_» 
ae 7269847.2 


Power dissipation as a function of the voltage across a series resistance. 
= Re” 
VRs* = R24 1 /arce VAC 
Given that than 6 = RgwC <0.1, the formula (2a) can be simplified to 
VR? — R.2w2C2V2AC 
and with R, = tan 6/wC, the formula becomes 
P= wC tan 6 V*AC 


Or 


$410}32ede7) Ulji4 ES 


_tano 2 
-= ae I-AC 
The value of tan 6 can be calculated by reference to Fig. 2; C is in Farads, w = 2rf, 
VAC or IAC are assumed to be known. 


The maximum permissible value of power dissipation (P max.), which is dependent on the 
dimensions of the capacitor and on the ambient free air temperature can be found by 
reference to Fig. 1. 


In application where sine-waves occur, the RMS voltage and the RMS current of the 
sine-wave are to be used to obtain the values for V7Ac and I?Ac respectively. 


In applications where periodic signals occur, the signal has to be expressed in Fourier 
terms: 


VAC=Vot+ F Vx sin (kwt + ok) 
k=1 


IAC= 2 |, sin (kwt + yk) 
k=1 


~ which for dissipated power becomes 
Co 2 
using expression (5): P= 2 1a@Ctan 6(qwk) - 
k=1 
ion (6): P co tan 6 (wk) 12 
using expression (6): P = pain AMOR RE 
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Table 1 Power dissipation in capacitors of different dimensions (see below). 


dimensions (mm) 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Sit a it 
wont) Coon 
ot ea 


ol Bn a! All 


See CAH Zt ae aati 
| St Ot 
tte Zana i 


eae 
AA 


1 
3 4 
10° 10 f (Hz) 


Curve 1 = 15 mm pitch: all series Curve 2 = 22,5 mm pitch; Curve 3 = 27,5 mm pitch; 
22,5 mm pitch: 630 V series 630 V series 
1000 V series 27,5 mm pitch; 
1600 V series 1000 V series 
2000 V series 1600 V series 
2000 V series 


Fig. 2 Tangent of loss angle (maximum value) as a function of frequency. 
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I. CAPACITANCE tt nimi 
Temperature characteristics: 


—55 to +20°C: 0< = < 3.75% 
20 to 85°C: -3.26%< AC < 0% ar es 
C 


Be Beoesgas 
280) ee Ce means’ 


7221824 


_ 


pL INL A Sy ee a 
CN (7 a eS Se eRe 
S58 sooo ttt hr ‘s0 C7 GEE 2 ese 


ainsi iL eefol a 


—— etme. =nece 
ee eg LEED GD © VE Sele ae ee semana’. root 


a a ee 
cco— WSaesa: a Qeaag 


Si ama 


So 60 ee 1S 20 a a Os Ee 
Sarno =a 


, Sa ee CE 8 Ee aa SS aeere 
Sees. 200) eee a a ES BEES 
Be0 tae 2NS50 none Seenaa 
Sao Benes H+——— 


= aati iii alii 


104 108 8 
0 107 (Hz) 10 


Impedance as a function of frequency; typical curve. 


lll. VOLTAGE 


A. DC Voltage Rating @ 85°C (See Size Chart) 
B. AC Voltage Rating @ 70°C (See Size Chart) 
or per information below. 


s102Iede7 Uli 


Maximum RMS voltage as a function of temp- 
erature: The maximum RMS voltage must be 
multiplied by a factor depending on the ambient 
temperature 


722183! 


a 

COC 
Litt ETT TTT TAT 
PTLTT IIIT TTI AL 


0 
-60 -40 -20 
TC} 


Multiplying factor as a function of temperature. 


Notes 

1. The sum of the DC voltage and the peak value of the superimposed 
AC voltage must be < U. (DC). 

2. For waveforms other than sinusoidal the maximum permissible dis- 
sipation must not be exceeded. 
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1000 7221827 


@160 VAC 6 votase Sst esii 
(250 VDC) ee 


4 : 

10° 10 10 1 ite 
Curve 1 = 3.3 uF; Curve 3 = 0.47 JF; 
Curve 2 = 11F; Curve 4 = 0.33 pF. 


AC voltage (RMS value) as a function of frequency at t.. 
<70°C for U., (DC) = 250 V. 


mb 
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7Z21826 


AC voltage 


@ 200 VAC ” 
(400 VDC) 


1 (Hz) 


Curve 1 = 1.8 uF; Curve 3 = 0.47 uF; 
Curve 2 = 1uF; Curve 4 = 0.18 uF. 


AC voltage (RMS value) as a function of frequency at qT, 
<70°C for U, (DC) = 400 V. 


mb 
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@300 VAC = acvonege Et 
(630 VDC) (Vv) =a 2 ees es 


i Tes pr 


5c ee co hos 38 tt 
= sit — 


== isa DANI Set at 
CCHS’ SSSCTP 
cul 


CEES 


10 


3 oS 108 
” t (Hz) 
Curve 1 = 0.68 uF; Curve 3 = 0.10 uF; 
Curve 2 = 0.33 uF; Curve 4 = 0.056 uF. 


AC voltage (RMS value) as a function of frequency at een 
<70°C for U, (DC) = 630 V. 


7221829 


@400vac = “*Ny"° ~ 
(1000 VDC) soo | 


ae ee St ae aug 
e hb 

HHiSS ee EEE ae Sa REG 

or UL ONAANJE cont 


ATTN PSS Smniiiil 


20 


10 


04 6 7 
{ (Hz) " 
Curve 1 = 0.22 uF; Curve 3 = 0.047 uF; 
Curve 2 = 0.1nF; Curve 4 = 0.012 uF. 


AC voltage (RMS value) as a function of frequency at T_ 
<70°C for U, (DC) = 1000 V. 
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AC vottage 
(1600 voc) (Vv) saa SSS aeons 


=—=5 Be bs x BB 5 SHE 
Sor i 


- NU Nae 
Stina SCT 
10 PN 
104 tee) 10’ 
Curve 1 = 0.1 pF: Curve 3 = 0.01 uF; 
Curve 2 = 0.47 uF; Curve 4 = 0.0056 uF. 


AC voltage (RMS value) as a function of frequency at T,_. 
<70°C for U, (DC) = 1600 V. 


@600 VAC “Cvolsse = —— 
(2000 VDC) V) 500 oS oot oo ot eee oo oo ee 
— ic SSO CS Se 14 GO OG 


BANS Sa 


100 Sun tn as ot Of Es sans tas ain Ub Gh Geena ames eee ae tee (ee ee es es 
ee oan ons Gs os on 
EE eee 
oY ot rrr 
fp 
sh IW SS 
rn amass NSS Bali 
; ET AHS | Nail | 
4 
10 10 pas 10 
Curve 1 = 0.015 iF; Curve 3 = 0.0047 iF; 
Curve 2 = 0.010 uF; Curve 4 = 0.0033 uF. 


AC voltage (RMS value) as a function of frequency at T._. 
<70°C for U., (DC) = 2000 V. 
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Table 1 Rated voltage pulse slope 


rated voltage 


rated voltage pulse slope (V/s) 


The rated voltage pulse slopes in the table are 
valid for pulse voltages equal to the rated voltage. 
For lower pulse voltages the given values may be 
multiplied by U,/applied voltage. 

Note 

If the pulse slope requirement is satisfied, a check 
must be made to ascertain that the maximum 
dissipation is not exceeded. 


IV. MAXIMUM DISSIPATION 

The power dissipated by a capacitor is a function 
of the voltage across the series resistance (Ro) 
or of the current through the series resistance 
and is expressed by 


_ Vas? 
Par 
— lic R, 
C Rs Tac 
a _ 


Power dissipation as a function of the voltage across a series 
resistance. 


R 2 
VRs’ = R24 1 fare? VAC 
Given that than 6 = RgwC <0.1, the formula (2a) 
can be simplified to 
VR,2 = Rs2002C*V*AC 
and with R, = tan 6/wC, the formuia becomes _ . 
P= wC tan 6 V7AC 


p= are Pac 
The value of tan w can be calculated by reference 
to Fig. 1; C is in Farads, w = 27, Vac or lac are 
assumed to be known. 
The maximum permissible value of power dissi- 
pation (P max.), which is dependent on the dimen- 
sions of the capacitor and on the ambient free air 
temperature can be found by reference to Fig. 2. 
In applications where sine-waves occur, the RMS 
voltage and the RMS current of the sine-wave 
are to be used to obtain the values for Va, and 
zac respectively. 
In applications where periodic signals occur, the 
signal has to be expressed in Fourier terms: 


oO 


Vac=Vo+ 2 Vx sin (kwt + pk) 
k=1 


Or 


OO 


Or lac= 2 |, Sin (Kwt + pk) 

which for aisipated power becomes— 

using expression (5): P= 5 k C tan 6(wk)V*, 
_ tan d(wk)l*;, 


using expression (6):P= 2 
k=1 KwC 
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Table 2 Power dissipation for different dimensions 
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1 
2 
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0 a 

0 20 40 60 80 100 = 
Tamb (°C) 

Maximum permissible power dissipation as a function of ambient © 
free air temperature, at various capacitor dimensions. 5 
7221832 of) 
aa ss ee See ase! Ge Be, 
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HEE Eactinaal eG 
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; WAZ 
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10 102 103 104 10° 106 107 
(1) = 27.5 mm pitch, 250 V version; (5) = 22.5 mm pitch, 630 V version; f (Hz) 
(2) = 22.5 mm pitch, 250 V version; (6) = 27.5 mm pitch, 1000 V version; 
(3) = 27.5 mm pitch, 400 V version; (7) = 22.5 mm pitch, 1000 V version; 
(4) = 22.5 mm pitch, 400 V version; 27.5 mm pitch, 1500 V version; 
27.5 mm pitch, 630 V version; (8) = 22.5 mm pitch, 1500 V and 
2000 V versions 


27.5 mm pitch, 2000 V version. 
Fig. 2 Tan 6-value as a function of frequency; maximum values. 
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SERIES 711H3 


Dry Metalized Polypropylene Capacitors 


For A.C. Applications 


‘X Style Non-Protected 
DESCRIPTION 


711H metalized polypropylene capacitors consist 
of a non-inductive wound cell housed in a round 
phenolic case. These capacitors are supplied 
to a maximum voltage of 370 VAC @ 50/60 Hz. 
Additional information with regard to electrical, 
environmental and mechanical specification is 
summarized on the following pages. These 
capacitors are not protected—see Product Safety 
Statement. 


FEATURES 


@ Non-Inductive Windings 

# Self-Healing Dielectric 

@ Dry Construction—Non PCB 

@ Rugged Mechanical Construction 

@ Phenolic Case Requires No Insulation 
@ Low Energy Consumption 

@ Brackets and End Caps Available 


@ Available Capacitance Tolerance—+10% 
(+3% & +6%, available on request) 


‘A STYLE CAPACITANCE DECADE VS CASE SIZE 
(For special capacitance values please contact 
Mepco/Centralab sales office or manufacturing 
facility. Certain restrictions may apply to non- 
standard values.) 


452 


Capacitance 
MPD 
2 


AA (1) 


@ 240VAC @ 370VAC 
Standard Case Size] Standard Case Size 
( AA (1) 
AA ) 


D>|> >> DS>D|SSOH>D 
OO|OOOwHO|>>>b 
GESSSESSONDPNESSSS 


AD 


No 
Available 


NOTES: 

1. Capacitance tolerance: Standard +10%(k). 
+6%(H) & +3% (L) at slightly higher costs. 

2. Accessories: For mounting brackets & end caps see 
accessory section. 

3. These capacitors are designed for operation in sym- 
metrical sinewave circuits operating at rated 6OHZ or 
lower. For special applications, please contact your nearest 
sales office, representative, or the factory. 
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Dry Metalized Polypropylene Capacitors for A.C. Application 


HOW TO SPECIFY 


Series 71 1H Capacitors may be specified using the following designation: 
(See Capacitance Section below for more details) 


711H 
. 3 AD 106P K 371 
Series | Rated 
Capacitance Voltage 
Terminal internal 
Type Assignment 
Case Size Capacitance 
& Type Tolerance 
PHENOLIC 
Dia. Ht. 


(1)AA=1.437" x 2.750" 
(2)AB=1.437" x 3.375" 
(3)AC=1.437"x 4.375" 
(4)AD=1.812" x 3.375" 


(S 
(6)AF=2.062" x 3.375" 


s410z2ede) uijis co 


(7)AG=2.062" x 4.375" 
(8)AH=2.562" x 4.375 FIRST ALPHA OF CODE 
tac oo A=Phenolic 
5-65 B=Plastic 
Sure C=Open 
6=(2) 1BQC On 
7=(2) 2BQC w/Solder Lug F=Wreo 8 P 
8=(2) Solder Lugs -7=0p ot 
9=Lead Wire -Z=Open 
CA PACITA NCE CAPACITANCE TOLERANCE 


For whole capacitance values in micro farads, reid 


Columns 8 & 9 contain significant digits, Column ,— 40, (STANDARD) 

10 contains the number of zeros, Column 11 ,~=+special 

contains a ‘P’. For fractional capacitance values 

are i TS VOLTAGE RATING 

iN Microfarads, Columns 8 &9 contain significant Column #13 & 14 are significant digits. Column #15 gives 
digits, Column 10 contains the fractional value jumber of zeros. 

and Column 11 contains the number of zeros. mere 


ale 


The ‘P’ is dropped. a 
Multipliers Example S7O0VAC = 371 
1=0 6 = 000000 25uf = 256P INTERNAL ASSIGNMENT 
: _ oo : a sGbeaCOs sie eae : Used to denote individual customers. 
4 = 0000 9 = 000000000 B ‘A is used to designate a standard part not specifically 
5 = 00000 ) = None assigned to a specific customer. 
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Dry Metalized Polypropylene Capacitors for A.C. Application “A’ | 


CASE OUTLINE DRAWING 


T ¢ |_|, (2) 2BQC TERMINALS 
> - ss Ne" (.250" x 032") 
a: ; 

! 032" 


kk H ———- MaximUM 


STANDARD 


TERMINAL TYPES 


3 


2 Blade QC 1 Blade QC 2 Blade QC Solder lug 
with solder lug 


(Quick-connect terminals are also suitable for soldered connections) 


Case Diameter Case gical Terminal C-C 
‘(—D’ ‘Cc b 


Inches (+.015) | mm (+.38) |Inches (+. Inches (=.032) | mm (=. / mm (=.81) | Inches (=.005) | mm | mm (<=.13) | 13) 


3 
v 
9 
5 
a 


“A’ STYLE EXAMPLE (RED LABEL WITH WHITE CHARACTERS) 
TYPICAL MARKING EXAMPLE | 
1ST LINE — MANUFACTURERS NAME Philips Components 
2ND LINE — PART NUMBER 711H3AD106PK371AA 
3RD LINE — RATED CAPACITANCE, TOLERANCE, 1OpF+10%[ 
CUSTOMER PART NUMBER IF REQUIRED 
[DATE | 
4TH LINE — RATED VOLTAGE, FREQUENCY, & DATE CODE ay a ao ate] 


STH LINE — CAPACITOR TYPE — NOT PROTECTED 
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Dry Metalized Polypropylene Capacitors for A.C. Application 


A.C. FILM CAPACITOR 
SPECIFICATIONS & TEST METHODS 


I. Physical 
A. See appropriate section for standard ratings, 
sizes & physical characteristics. 


B. All ‘A style capacitor cases are made from 
mineral filled thermoset phenolic for durability 
& corrosion resistance. The case material has 
a U.L. temperature index of 150°C and a ULL. 
94V-1 minimum flamability rating. 

C. Capacitors may be mounted in any position. 


ll. Temperature Rating—these capacitors are 
rated as follows: 

A. Operating Case Temperature—40°C to +70°C 
(40°F to“#158°F) 

B. Storage (Ambient)—40°C to +90°C (—40°F to 
+194°F) 

C. Temperature Rating—“Capacitors shall have 
rated life performance when operated within 
case temperature range. Operation at higher 
case temperatures will result in reduced life?’ 


lll. Voltage Rating | . 

Philips Components metalized film capacitors are 
rated for stable operation at the rated voltage. 
Decreased life can be expected if the capacitors 
are operated at 110% of the rated voltage at 60HZ 
provided the maximum case temperature Is not 
exceeded. Special voltage ratings are available. 
Please contact the factory. 


IV. Capacitance & Tolerance 


All capacitors supplied shall be within the speci- 
fied limits of rated capacitance when measured 
at a temperature of +25°C. Standard capacitance 
tolerance is +=10%. Tolerances of +6%, +3% 

Capacitance are available upon request. 

All capacitance measurements shall be made on 

an A.C. bridge at a frequency of 60HZ or referred 

to measurements made at that frequency. 

A. Capacitance change with temperature—when 
Capacitance is measured at the maximum & 
minimum rated case temperatures, the capaci- 
tance will vary no more than —5% to +2% of 
the +25°C capacitance value. 


Philips Components ° 
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V. Rated Life 

“When operated @ rated voltage & rated case 
temperature (70°C max), capacitor survival shall 
be not less than 94% after 60,000 hours opera- 
tion. After 5000 hours operation, survival shall 
be not less than 99% with capacitors operating 
at rated conditions.’ 

“The useful life of the capacitor will be shortened 
by exceeding the rated voltage and/or tempera- 
ture limits. Acceleration effects of temperature 
& voltage are now under study.’ 


VI. Volt-Ampere Loading 

“Capacitors shall be capable of operating at a 
volt ampere loading resulting from the combined 
effects of capacitance tolerance, frequency vari- 
ations, voltage & harmonics, not exceeding 130% 
of the volt-ampere loading calculated at rated 
capacitance & at rated 60HZ (sinusoidal) voltage, 
provided rated case temperature is not exceeded.’ 
Please contact the factory prior to using these 


capacitors at a VA higher than rated. 


Vil. Dissipation Factor 

The dissipation factor of each capacitor shall not 
exceed 0.1% when measured at or referred to 
60HZ rated voltage applied at any temperature 
between 23°C & the capacitors maximum rated 
case temperature. 


Vill. Dielectric Strength 
Terminal-to-Terminal—The capacitors are capable 
of withstanding the applications of 1.75 x rated 
A.C. voltage for one (1) second. Capacitors should 
be discharged through a 10,000 Ohm resistor to 
limit the current. 

Terminal-to-Case—The capacitors are capable of 
withstanding an application of 2 x rated A.C. 
voltage plus 1000 volts for one (1) second. 
NOTE: An alternate test method may be used by 
applying a D.C. voltage equal to the peak voltage 
of the specified A.C. test voltage. (The capacitors 
must be charged & discharged through a 10,0000 
resistor.) 
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Dry Metalized Polypropylene Capacitors for A.C. Application “A’ Style 4 


IX. Life Tests 
A. High temperature life test—tested @ 125% x 2. No intermittent or continuous open circuits | 
rated A.C. @ 80°C for 500, 1500, or 2000 between terminals 
hours (circulating air). 3. Atypical D.F < .10% @ 60Hz 
B. Room temperature life test—test @ 135% x rated 4. Capacitance loss— 
A.C. @ room temperature for 120 hours (cir- A Style— 4 
culating air). (240VAC Rated) 2000 hour test %AC=<3% ~ 
NOTE: These life tests are designed to indicate. (370VAC Rated) 500 hour test %AC=<10% 


the relative quality of the capacitor lot being 
tested. Actual life in application can only be deter- x. Environmental Tests 


mined after extensive long-term test data accu- Philips Components metalized film capacitors 
mulation. meet or exceed the applicable environmental 
C. The typical results expected after alife testare: tests recommended by E.I.A. 
1. No short circuits between terminals or ter- 
minals & case 


BRACKET DIMENSIONS ACCESSORY ITEMS 


DRAWING NO. -a{e{c|o|{e Order as separate items 

614A765ABP1 | 5.015 | 4.656 | 2.0 — |2078 A Style Only 

614A765ABP2 | 4.015 | 3.650] 1.703| .906 | 1.578 

614A765ABP3 | 3.374 | 3.015 | 1.062| .586 | 1.258} END CAPS BRACKET DRAWING 


Bottom Lead Hold 
[enn cars | BRACKETS 
LEAD HOLE DWG. NO. 
DWG. #614a766**** 614a765**** 


B+.062" 
TOP — 


Top Lead Hole euic ) > : 


ABPO01 ABP003 at 

ABP001 ABP002 Yh " 

ABPO01 ABPO01 yee’ 
ABP002 ABP002 bb <2 
ABP002 ABPO01 {- 

ABP003 ABPOO2 | Qa | 
ABP003 ABPO01 ae 2 


ABP004 ABPOO1 


ORDERING INFORMATION 


1. (1) one cap & (1) bracket required per capacitor. 

2. When ordering caps (614A766****) or brackets 
(614A765****) insert the appropriate alpha/ 
numeric code from the chart above. 


DISCHARGE RESISTOR 


Some applications require that the capacitor dis- 
charge automatically once the voltage source is 
disconnected. This minimizes the shock hazard. 
Normally a 15K Ohm 20% 2 watt resistor is used. 
Other resistance values are available upon 
request. Consult the factory for this option. 
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SERIES 711H3 


Dry Metalized Polypropylene Capacitors for A.C. Application 


CAPACITOR COMPARISON SHEET 


_ Wet Metalized | Free Foil/Oil Filled 
Characteristic Dry Metalized Film Film Paper or Paper/Film Cap 


Self-healing open circuit 
failure mode typical. 


. | Failure Mode 


Capacitance Stability 


or erosion. 


High Voltage A.C. Operation 


Excellent—self-healing implies 
capacitance loss during life thru 
electrode evaporation, oxidation 


Working voltages up to 370VAC 
inasingle unit can be used atthis | 440VAC 
stage of development, up to 

660VAC under certain conditions. 


Same except High Voltage A.C. Operation 
Dependent on Impregnant Used 
And Thickness of Paper 


available 


Current Limitation Exceptionally high currents are | Same as dry 
not recommended. 


-High Frequency Operation 


end connection. 


Lower frequency operation due to | Same as dry 
the high inductance and resistive 
effects of metalized electrode & 


Up To 10MHz With Non-inductive 
Construction 


Capacitance Values 1—100 MFD 1—100 MFD 


Typically .01 to .1% 
D.F. @ 60HZ 
@ Rated VAC 


Loss (Dissipation Factor) 


Size & Weight 


Typically 60,000 Hours Plus Typically 60,000 Hours 


U.L. Requirements & 
Impregnant 


| Recognized capacitors. 


CAUTION 


Philips Components 711H series capacitors are 
housed in flame-retardant thermoset phenolic 
cases and do not contain internal protection. 
Before these products are energized, to avoid 
possible damage from overheating or rupture, 
they must be separately housed in a suitable 
enclosure. 

Also, each part shall be marked with the words 
“not protected.’ 
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Smallest & Lightest/M.FD. 


No impregnant, no oil to leak. 
Some applications require UL 


Same as dry Typically .3 to .6% 
| D.F- @60HZ 


@ Rated Voltage 
Largest & Heaviest/M.FD. 


Between oil 
filled, free 
foil & dry 
metalized 


Oil filled must be protected 
per U.L. requirement. Free oil 
combustible & can leak & be a 
serious hazard. 


Same as oil 
filled free 
foil 


Some capacitors’ failure modes could cause the 
capacitor’s case to rupture due to internally gen- 
erated gases. Please read the following informa- 
tion before energizing the capacitors. If you have 
any questions, please contact your local Philips 
Components Field Sales Representative or the 
Philips Components Film Capacitor Facility, 
Columbia, South Carolina. 


NOTICE 


Misapplication, such as exceeding design 
limits may result in destruction or explosion of 
capacitors. 
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SERIES 7191 (roo) (TYPE MKT-P) 


DESCRIPTION 


Series 719J1 (Radial) low-inductance wound cell 
of impregnated metalized polyester and paper 
Capacitors incapsulated in precision made flame 
retardant polypropylene cases. The leads are 
solder coated copper wire. 


PERFORMANCE CLASS X2 QUALIFIED ACCORDING 
TO VDE 565-1, SEMKO, IMQ & UL1283. 
APPLICATION 


For Radio Interference Suppression In: 


= Small Household Appliances e.g. Coffee 
Grinders, Mixers 


@ Audio and TV Circuits 


= General Industrial Applications; e.g. Test & 
Measuring Equipment. 


FEATURES 


Electrical 


@ Insulation resistance 
The insulation resistance is measured after a 
voltage of 100 +15 V has been applied for 
1 min. £5 s, at Tanp=20°C. 
R between terminations, 


for Ce<0,33puF >15000MQ 
RC between terminations, 
for Ca>0,33 uF > 5000s 


R between interconnected terminations 
and case (foil method) >30000MQ 


@ Rated Capacitance Range .01 to 1.0 uF 

@ Tolerance on Rated Capacitance +20%, +10% 
@ Standard Voltage 250 VAC @ +85°C 

= Climatic Category 40/85/21 

@ Related Specification IEC 384-14 

@ Max. Pulse Load 100V/y”S 


@ Dissipation Factor 
@ 1KHz < 75x10“ 
@ 10KHz < 130 x 1074 


@ Test Voltage 
Between terminals 1075 VDC 
Between interconnected terminals & case 
2000 VAC (foil method) 


Mechanical 

= Flame Retardant 

= Precisely Dimensioned Cases 
@ Self-Healing 

@ Solvent Resistant 


Metalized Polyester and Paper Capacitors | 
For Interference Suppression | 


(Philips 2222-330 Series) 


i 


Wé iia 


-100 -50 100 
HOW TO SPECIFY Tamb ° C) 


RC-product as a function of ambient free air temperature; typical 


Series 719J1 Capacitors may be specified using the following 
designation: 
(See General Part Number Description for more details) 


719J1 104P > 
“ea A i 
Series a 85°C 
Case 4: 251=250C 
Tolerance Specification 
K=+10% S=ShortLeads 
M=+20%  L=Long Leads 
Capacitance | 
Rall Lead Configurati 
In this example the ea nguration 
first two digits Straight : 
represent significant sane énecing 
i ; figures and last digit Cod : ae 
@ Suitable For PC Board Insertion indicates he number B 0.591 SS men . 
i of zeros to foll 
@ Available Bulk only Si a ae E 1.080" (27.5 mm) 
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eect ia lie a 
a ae aie Blais pia a 


102 ea maa pend tne pm h 


ease Pe 
Bee Ras rT {ty Tt 
resonant F——7_TTTTf, T_T] 


_ 
~ 


frequency 
(MHz) 


Ee ee ee 
: tt 10 K#—+-— 


- 


TTT TATE LLL TT 


See eae RES SRE 

-—100 -50 0 50 100 
Tao 

Capacitance as a function of ambient free air temperature; typical curve. Resonant frequency as a function of rated capacitance. 


CASE SIZE TABLE SERIES 719J1 (RADIAL) 


SERIES 719J1 (RADIAL) 
| “LENGTH | “H” HEIGHT | “T” THICKNESS | “S” SPACING | “d” LEAD DIA. 


591 15.0] 20.032 
591 15.0 032 
276 7.0| 886 22.5 

886 22.5 

886 22.5 
886 531 13.5 

. 984 5911 

709 


TYPICAL MARKING EXAMPLE 
SERIES 719J1 


ON TOP (LINE ONE) 
RATED CAP uF/TOL. +10%=K, 


+20% NOT IDENTIFIED 
RATED VOLTAGE & PERFORMANCE 
CLASS 
PHILIPS TYPE NO. & (LINE TWO) 
CODE FOR DIELECTRIC MKT-P 
(LINE 3) 
CLIMATIC CATEGORY, DATE CODE 
APPROBATION & PHILIPS SYMBOLS 


NO TPO 
es le 
w 
NO 


De) 
oO 
ro) 
a) 
ie) 


1.22 31.0 1.08 275] 20  .032 
1.22 31.0| 984 25.0 
122 31.0] 110 280 


5.0 | 1.08 27.5} 20 032 
8 


0 |} 1.08 27.5 | 20 032 


OUTLINE DRAWING SERIES 719J1 719J1GD103P*251SB 


T 
GD223 
GD333 
GE473 
GF683 
GG104 
719J1MH154P*251SD 
MJ224 
| 719J1ML334P*251SE 
i | LL** ; SN474 
SP684 
4 | | . SR105 
o> > <= d «INSERT APPROPRIATE LETTER INTO PART NUMBER FOR TOLERANCE 
+0.4 mm K=2+10% M=+=2+20% 


> 


Se a 


LE 
SHORT LEADS 5+1 MM (.157/.236 INCH) LENGTH 
LONG LEADS LENGTH 25+2 mm (.906"/1.06") 


NOTICE: MISAPPLICATION SUCH AS EXCEEDING DESIGN LIMITS MAY 
FINNISH (Fl) APPROVED CAPACITORS RESULT IN DESTRUCTION OR EXPLOSION OF CAPACITORS. 


ARE AVAILABLE. PLEASE CONTACT THE 


FACTORY. CASE SIZES AND CAPACITANCE 
VALUES MAY VARY. 
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SERIES 719J1 
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SERIES 7000 


Film Capacitors Polyester & Polycarbonate 


TYPICAL PERFORMANCE CURVES 


Capacitance vs. Frequency 


Capacitance vs. Temperature 


yPoycarvonate | | | | JI 
(2) Polyester 


8 
ZC ¢ 
ra) eee 


10 
IR (MQ) uF) 
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—60—40-—20 0 20 40 60 80 100 120140 
TEMPERATURE (° C) 


Dissipation Factor vs. Temperature 


ft fd (1) Polycarbonate ae 


(2) Polyester 


SEE NETH 
CSRS 
—60—40—20 0 20 40 60 80 100120 140 


TEMPERATURE (° C) 


Insulation Resistance vs. Temperature 


Z5 Vs, 125 175 
TEMPERATURE (° C) 


(1) Polycarbonate \ 
(2) Polyester 


Live 
ttt tT tf yey 
pt tT | 


OF, 
(%) 


Polycarbonate 
Polyester 


(1) Metallized 
Polycarbonate 


IR (MQuF) 10° 


Polyester 
102 
10! ttt tt tt 
0 40 100 120 140 160 


rt PERATURE (°C) 
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SERIES 7000 


Film Capacitors Polystyrene & Polypropylene 


TYPICAL PERFORMANCE CURVES 


Capacitance vs. Temperature Capacitance vs. Frequency 


(1) Polystyrene l 
(2) Polypropylene 


0 
Ac nN 
ec l 
ry (1) Polystyrene 
= 
102 103 10! 105 
f (Hz) 
TEMPERATURE (° C) 
Dissipation Factor vs. Temperature Dissipation Factor vs. Frequency 
04 
10 


03 


(1) Polystyrene 
(2) bedcniruae FA 


eee | 
ee 02 (2) Polypropylene DF 05 


0 aa 
103 104 105 
f (Hz) 


—50 0 50 100 
TEMPERATURE (° C) 


Insulation Resistance vs. Temperature 


Lc] 15] bream 
aes eet 


IR (MQuF) 1° 


50 0 90 100 
TEMPERATURE (° C) 
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STANDARD SERIES OF VALUES 
IN A DECADE 


STANDARD SERIES OF VALUES IN A DECADE 


for resistances and capacitances 
according to IEC publication 63 


E192 E96 E48/E192 E96 E48/E192 E96 E48|E192 E96 E48/E192 E96 E48 


100 100 100 169 | 287 287 287 487 4871 825 825 825 
101 835 
102 102 499 845 845 
104 856 
105 105 105 511 866 866 866 
106 876 
107 107 887 887 
109 898 
110 110 110 909 909 909 
111 920 
113 113 931 931 
114 942 
115 115 115 953 953 953 
117 965 
118 118 976 976 
a 120 988 
5 121. 121 121 
123 
9S 124 124 E24 £12 E6 E83 
g) 126 
x 127 127 127 10 10 10 10 
gy 129 11 
>) 130 130 12 12 
~t 132 13 
\s) 133 133 133 15 15 15 
P. 135 16 
137 137 18 18 
138 20 
140 140 140 22 22. 92 22 
142 24 
143 143 27 27 
145 30 
147 147 147 33 33 33 
149 36 
150 150 39 39 
152 43 
154 154 154 47 47 47 47 
156 51 
158 158 56 56 
160 62 
162 162 162 68 68 68 
164 15 
165 165 82 82 
167 91 
HOW TO INTERPRET CAPACITANCE 
DECADES EXAMPLES: 
A decade of 100 indicates: A decade of 324 indicates: 
100PF...order P/N 719C1CA101PF630SF 324PF...order P/N 719C1CA3241F630SF 
.001uF...order P/N 719C1CA102PF630SF .00324uF...order P/N 719C1CA3242F630SF 
.01uF...order P/N 719C1CB103PF630SG .0324uF...order P/N 719C1CC3243F630SH 
A decade of 215 indicates: A decade of 56 indicates: 
215PF...order P/N 719C1CA2151F630SF 56PF...order P/N 704C1AA560PF631AX 


.00215uF...order P/N 719C1CA2152F630SF S60PF...order P/N 704C1AA561PF251AX 
.0215uF...order P/N 719C1CC2153F630SH S600PF...order P/N 704C1AC562PF630AX 
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Variable Capacitors 


PHILIPS COMPONENTS OPERATING 
PART NUMBER CAPACITANCE DIELECTRIC TEMPERATURE 
(TYPE) RANGE MATERIAL RANGE 


FILM DIELECTRIC 


2800C/K 
(808) 


—40°C to +85°C 
or 
—40°C to +70°C 


1.5pf-5pf 
to 
7pf-100pf 


Polypropylene 
Polycarbonate 
Polyethylene 
PTFE Teflon’ 


2800D/E /M 0. i 2pft PTFE Teflon* —40°C to +125°C 
(809) Polycarbonate 
7pf- ae 


DESIGN DATA FOR SELECTING AND APPLYING VARIABLE CAPACITOR 


*Is a registered trademark of E.l. DuPont de Nemours 
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SERIES 2800C/K (808) 


Film Dielectric Trimmer Capacitors For 
Commercial And Industrial Applications 


DESCRIPTION 


5mm 

The vanes of the trimmer are stacked on a sturdy 
plastic base, the color of which indicates the 
maximum capacitance. The dielectric is a film of 
polypropylene which supports the vanes in such 
a way that good stability is ensured and no micro- 
phony can occur. Flux absorption between the 
vanes is prevented. The trimmers are resistant 
to all standard cleaning solvents except trichloro- 
ethylene and trichloroethane, however, cleaning 
is not advised. Top adjustment should be done 
by means ofa screwdriver and bottom adjustment 
by means of the key as shown in Fig. 10. 


7.5mm 
The vanes of the trimmers are stacked on a 
sturdy plastic base, the colour of which indicates 
the maximum capacitance. The dielectric is a 
film of polypropylene, polyethylene, polycarbon- 
ate or PTFE which supports the vanes in such a 
way that good stability is ensured and no micro- 
phony can occur. Flux absorption between the 
vanes is prevented. 

The trimmers are resistant to all cleaning solvents 
except trichloroethane and trichloroethylene. 

A version with vertical spindle (Fig. 2 and 3) and 
a version with horizontal spindle (Fig. 4) are avail- 
able. Both versions have top adjustment by 
means of a screwdriver or trimming key, and 
bottom adjustment by means of a key according 
to Fig. 10. 

464 


10mm beige eae 
The vanes of the trimmers are stacked on a’. 
sturdy plastic base, the colour of which indicates — 
the maximum capacitance. The dielectric is a film 
of polypropylene, polycarbonate or PTFE which | 
supports the vanes in such a way that good | 
Stability is ensured and no microphony can occur. 
Flux absorption between the vanes is prevented. 
The trimmers are resistant to all standard cleaning 
solvents except trichloroethane and trichloro- 
ethylene. Top adjustment should be done by 
means of a screwdriver and bottom adjustment 
by means of the key as shown in Fig. 10: 
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SERIES 2800CIK (808} 


Film Dielectric Trimmer Capacitors For 
Commercial and Industrial Applications 


HOW TO SPECIFY 
- SERIES 2800C Film Dielectric Trimmer Capacitors can be completely specified using the following designation: 
28 10 C/K 2R515 P J 
Pe) SG ~T “T 
Planar Commercial Lead 
Pdeecihiena Industrial Configuration 
apacitor Type : See mountin i i 
Rotor Capacitance Range diagram) : “Matoniit 
05= 5mm denoting decimal K=Polycarb 
07= 7mm Rr un eerere M=Polyethylene 
10=10mm opt to Topi= H=PTFE Teflon" 


Part Number will also include 5 additional digits on end which are for internal assignments (for reference only) 


FEATURES 
m Effective angle of rotation: 180° 
@ Operating torque: 
~~ 5mm 1 to 15 mNm (.14 to 2.1 ounce inches) 
—~ 7.5mm (6 to 22pf) 1 to 15 mNm (.14 to 2.1 
: ounce inches) 
(27 to 50pf) 2 to 25 mNm (.28 to 3.5 


hoes ounce inches) 
10mm 2 to 25 mNm (.28 to 3.5 ounce inches) 


@ Maximum axial thrust 
(AC < 0.3% of C,,,,) .2 Ib. 

= Mounting: Can be mounted on printed-wiring 
boards with hole diameter min. 1.25mm (.050 


inch) 
= Soldering conditions: max. 260°C, max 10 sec. 
a Test Voltage 
Rated Voltage (for 1 min.) Type 
150 VDC 300 VDC 5mm 
250 VDC 500 VDC 7.5mm 
250 VDC 500 VDC 10mm 


= Contact resistance max. 10mQ 
@ Insulation resistance min. 10,000MQ 
= Minimum storage temperature —55°C 
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SERIES 2800C/K (808) 


Film Dielectric Trimmer Capacitors For Commercial 
And Industrial Applications 


Min. 
Guaranteed Resonant 
Cap. Range Freq. 
Min/Max Shape : ; at Max 
pico- Adjustment of Dielectric s ; 
uration farads Mode Head Material , 


5mm Types 150 VDC 


1 H 2805C1R505HJ Vertical Top Polyprop. |-—200+/-—300 -40 to +70 
1 G 2805C1R505GJ Vertical | Top + Bottom Polyprop. |-—200+/-—300 -40 to +70 
1 H 2805C00210HJ Vertical Top Polyprop. |—200+/-300 -40 to +70 
1 G 2805C00210GJ Vertical Top + Bottom Polyprop. {—200+/-300 -40 to +70 
1 H 2805C2R515HJ Vertical Top Polyprop. —50+/-200 -—40 to +70 
1 G 2805C2R515GJ Vertical Top + Bottom Polyprop. —50+/-200 -40 to +70 
1 H 2805C00420HJ Vertical Top Polyprop. | —50+/-200 -40 to +70 
1 G 2805C00420GJ Vertical Top + Bottom Polyprop. —50+/—200 —40 to +70 
1 H 2805C4R527HJ Vertical Top Polyprop. |—250+/-—200 —40 to +70 
1 G 2805C4R527GJ Vertical Top + Bottom Polyprop. |—250+/-—200 —40 to +70 
7.5 mm Types 250 VDC 
2 M 2807C1R405MM Vertical | Top + Bottom Polyethyl. |—400+/—300 -40 to +85 
2 V4 2807C1R405YM Vertical Top Polyethyl. |-—400+/—300 —40 to +85 
2 M 2807C00209MH Vertical } Top + Bottom PTFE Teflon +| -500+/—450 —-40 to +85 
2 M 2807C00210MJ Vertical Top +Bottom Polyprop.. |-450+/-350 -40 to +70 
Z Y 2807C00210YJ Vertical Top Polyprop. }|—450+/—350 —40 to +70 
3 M 2807K00210MJ Vertical Top ; Polyprop. |—450+/—350 -40 to +70 
4 X 2807C00210XJ Horizont. | Top + Bottom Polyprop. {—450+/-350 -40 to +70 
2 M 2807C00215MJ Vertical Top + Bottom Polyprop. |-—200+/—350 —40 to +70 
2 M 2807C00218MH Vertical Top + Bottom PTFE Teflon*| -400+/—200 —40 to +85 
2 M 2807C00222MJ Vertical | Top + Bottom Polyprop. -40 to +70 
> 2 Y 2807C00222YJ Vertical Top Polyprop. -40 to +70 
ra 3 y 2807K00222YJ Vertical Top Polyprop. -40 to +70 
me 4 X 2807C00222xXJ Horizont. | Top + Bottom Polyprop. -40 to +70 
9 2 M 2807C00227MK Vertical Top + Bottom Polycarb. —40 to +85 
oe 4 X 2807C00227XK Horizont. | Top + Bottom Polycarb. |—250+/-300 —40 to +85 
See, 2 M 2807C00333MJ Vertical Top + Bottom Polyprop. |—250+/-—300 —40 to +70 
11 +) 2 M 2807C00340MJ Vertical Top + Bottom Polycarb. {—100+/—300 —40 to +85 
3 Y 2807K00340YJ Vertical Top Polycarb. |—100+/—300 —40 to +85 
9 2 X 2807C00340MJ Horizont. | Top + Bottom Polycarb. —40 to +85 
Sy 2 M 2807C00350MJ Vertical | Top + Bottom Polycarb. —-40 to +85 
3 Y 2807K00350YJ Vertical Top ; Polycarb. —40 to +85 
2 4 X 2807C00350XJ Horizont. | Top + Bottom Polycarb. | -100+/—300 -40 to +85 
~t 
\~] 
~ 
vr) 


“Is a registerd trademark of E.I. DuPont de Nemours 
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SERIES 2800C/K (808) 


Lead 
Config- 
uration 


10mm Types 250 VDC 


6 
) 
7 
6 
5. 
7 
6 
5 
a 
6 
) 
6. 
9 
8 
7 
9 
6 
8 
) 
8 
7 
g 
6 
9 
i 
9 


cepve:co-co VV cv Ve VE oO veo wc ov 


“Not for new design. 


* Is a registerd trademark of E.1. DuPont de Nemours 
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Film Dielectric Trimmer Capacitors For Commercial 
And Industrial Applications 


281002R515PJ 
2810C2R515QJ 
281002R515UJ 
2810000322PJ 
2810C0003220J 
2810C00322UJ 
2810C5R540PJ 
2810C5R5400J 
2810C5R540UJ 
2810C5R550PH 
2810C5R5500H 
2810C5R565PU 
2810C5R565QJ 
2810K5R565PJ 
2810C5R565UJ 
2810K5R565UJ 
2810C00680PK 
2810K00680PK 
2810C006800K 
2810K006800K 
2810C00680UK 
2810KO0680UK 
2810C07100PK 
2810C071000K 
2810007 100UK 
2810K07100UK 


Factory 
Code 
2222-808 


Guaranteed 
Cap. Range 
Min/Max 
pico- 
farads 


Vertical 
Vertical 


Horizont. 


Vertical 
Vertical 


Horizont. 


Vertical 
Vertical 


Horizont. 


Vertical 
Vertical 
Vertical 
Vertical 
Vertical 


Horizont. 
Horizont. 


Vertical 
Vertical 
Vertical 
Vertical 


Horizont. 
Horizont. 


Vertical 
Vertical 


Horizont. 
Horizont. 


Adjustment 
Mode 


Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 


Dielectric 
Material 


Polyprop. 
Polyprop. 
Polyprop. 
Polyprop. 
Polyprop. 
Polyprop. 
Polyprop. 
Polyprop. 
Polyprop. 


—150+/-500 
~150+/-500 
~150+/-500 
~150+/-400 
—150+/-400 
~150+/-400 
~150+/-350 
~150+/-350 
~150+/-350 


PTFE Teflon *| —500+/—150 
PTFE Teflon*} -500+/—150 


Polyprop. 
Polyprop. 
Polyprop. 
Polyprop. 
Polyprop. 
Polycarb. 
Polycarb. 
Polycarb. 
Polycarb. 
Polycarb. 
Polycarb. 
Polycarb. 
Polycarb. 
Polycarb. 
Polycarb. 


—200+/—300 
-200+/—300 
-200+/-300 
-200+/-300 
-200+/-300 
—100+/-300 
-100+/-300 
-100+/-300 
-100+/-300 
-100+/-300 
-100+/-300 
—100+/-300 
-100+/-300 
-100+/—300 
—100+/—300 


-40 to +70 
—40 to +70 
-40 to +70 
—40 to +85 
—40 to +85 
—40 to +85 
-40 to +70 
-40 to +70 
—40 to +70 
—40 to +85 
—40 to +85 
—40 to +85 
—40 to +85 
—40 to +85 
—40 to +85 
-40 to +85 
—40 to +85 
-40 to +85 
—40 to +85 
—40 to +85 
—40 to +85 
-40 to +85 
—40 to +85 
-40 to +85 
—-40 to +85 
—40 to +85 


Violet 
Violet 
Violet 
Violet 
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SERIES 2800C/K (808) 


Film Dielectric Trimmer Capacitors 


LIE) 


s10ji2ede7) 3/4 


| Fig. G 


016+.008 ee 
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SERIES 2800C/K (808) 
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SERIES 2800C/K (808) 
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SERIES 2800D/E/L/M (809) 


Film Dielectric Trimmer Capacitors 


DESCRIPTION 


6mm x 8 mm x 9mm 

The trimmers consist of a polysulphone housing, 
brass rotor and plated brass stator with a PTFE 
film as the dielectric. The stator plates with their 
tag are heat sealed to the housing. The rotor 
contact surfaces are plated to ensure a long life 
and a stable contact even under severe climatic 
conditions. Flux absorption between the vanes 
is prevented. A color dot indicates the maximum 
Capacitance. 

The trimmers have top and bottom adjustment. 
Top adjustment should be done by means of a 
screwdriver and bottom adjustment by means of 
the key as shown in Fig. 7. 


Timm x 14mm x 9mm 
The trimmers consist of a glass reinforced poly- 


_ Sulphone frame with a polysulphone dust cover, 


brass rotor and stator with PTFE or polycarbonate 
film as the dielectric. The stator plates are stacked 
on pins and separated by rings, so that it is 
possible to produce a single-stator or a differential 
type. The rotor contact surfaces are plated to 
ensure a long life and a stable contact even 
under severe climatic conditions. 

The trimmers have top adjustment by means of a 
screwdriver; capacitance increase is obtained 
with clockwise rotation. (Trimmers with counter- 
clockwise rotation and trimmers with insulated 
rotor are available on request.) 
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10mm x 11mm x 114mm 

The trimmers consist of a polysulphone housing, 
brass rotor and plated brass stator with a PTFE 
film as the dielectric. The stator plates with their 
tag are heat-sealed to the housing. The rotor 
contact surface is plated to ensure a long life 
and a stable contact even under severe climatic 
conditions. Flux absorption between the vanes 
is prevented. A color dot indicates the maximum 


Capacitance. 


The trimmers have top and bottom adjustment: 
top adjustment should be done by means of a 
screwdriver, bottom adjustment by means of the 
key according to Fig. 7. 


8mm x 9mm x 10mm 

The trimmers consist of a polysulphone housing, 
brass rotor and plated brass stator with a PTFE 
film as the dielectric. The stator plates with their 
tag are heat-sealed to the housing. The rotor 
contact surface is plated to ensure a long life 
and a stable contact even under severe climatic 
conditions. Flux absorption between the vanes is 
prevented. A color dot indicates the maximum 
Capacitance. 

Versions with one rotor tag and with two rotor 
tags are available. The trimmers have top and 
bottom adjustment; top adjustment should be 
done by means of a screwdriver, bottom adjust- 
ment by means of the key according to Fig. 7. 
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SERIES 2800D/E/L/M (809) 


Series Dielectric Trimmer Capacitors for Professional Applications 


HOW TO SPECIFY 
Series 2800D Film Dielectric Trimmer Capacitors can be completely specified using the following designation: 
28 05 D/E/L 1R810 B H***** 
es os ee Age 
Planar Ts Professional | Lead 
Trimmer Types Configuration 
Capacitor Rotor Capacitance Range (See mounting Dielectric 
Diameter Min. & Max. with R Denoting diagrams) Material 
05= Smm Decimal Point, i-e.: H=PTFE Teflon* 
08= 8mm 1.8pf to 10pf K =Polycarbonate 
10=10mm —1R810 


Part Number will also include 5 additional digits on end which 
are for internal assignments (for reference only) 


FEATURES 


= Effective angle of rotation: 180° 


m@ Operating torque: 

6mm x 8mm x 9mm (C,,,, = 3.5pf) 1 to 15 mNm 
(.14 to 2.1 ounce inches) 

(C4, = 10 and 18pf) 2.5 to 20 mNm (.35 
to 2.8 ounce inches) 

11mm x 14mm x 9mm 1.5 to 25 mNm (.21 to 
3.5 ounce inches) 

10mm x 11mm x 11mm 2 to 25 mNm (.28 to 
3.5 ounce inches) | 

8mm x 9mm x 10mm (C,,,, = 5.5pf) 1 to 15 mNm 
(.14 to 2.1 ounce inches) 

(Ca, = 9 and 18pf) 2.5 to 20 mNm (.35 to 2.8 
ounce inches) 


@ Maximum axial thrust 
(AC = 0.3% of C,..,) .2 Ib. 

@ Mounting: Can be mounted on printing-wiring 
boards with hole diameter min. 1.25mm (.050 
inch) 

= Soldering conditions: max. 260°C, max. 10 sec. 

m™ Rated Test Voltage 

Voltage (for 1 min.) Type 

300 VDC 600VDC 6mm x 8mm x 9mm 
200 VDC 400 VDC 11mmx 14mm x 9mm 
300 VDC 600 VDC 10mm x 11mm x 11mm 
300 VDC 500 VDC 8mm x 14mm x 10mm 


= Contact resistance max. 5mQ 


# Insulation resistance between stator and rotor: 
min. 10,000MQ 


= Operating temperature range —40 to +125°C 
Minimum storage temperature —55°C 
“Is a registerd trademark of E.I|. DuPont de Nemours 
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SERIES 2800D/E/L/M (809) 


PTFE Teflon Dielectric Trimmer Capacitors For Professional 


Min. 
Guaranteed Resonant 
Cap. Range Freq. 
Factory Min/Max , Minium at Max 
Fig. Part Code pico- Dielectric ; 0 Cap. 
No. Number 2222-809 farads Material @ 100 Miz Miz 
6mm x 8mm x 9mm 300VDC 
1 2805D0R602BH Single-Stator PTFE Teflon * | —250+/-—200 
2 2805L0R602BH Single-Stator ; PTFE Teflon 200/200 
1 2805D1R203BH 213. Single-Stator PTFE Teflon | —250+/—200 
2 2805L1R203BH alo: Single-Stator PTFE Teflon —250+/-—200 
1 2805D1R810BH Single-Stator PTFE Teflon =300+/=150 
2 2805L1R810BH Single-Stator PTFE Teflon ~350%/=150 
1 2805D00218BH Single-Stator PTFE Teflon —350+/—150 
2 2805L00218BH Single-Stator ; PTFE Teflon | —350+/—150 
11mm x 14mm x 9mm 200VDC 
3 W 2810M00212WH | — Differential PTFE Teflon+, 0+/-—200 
3 W 2810E2R520WH Single-Stator PTFE Teflon 0+/—200 
3 W 2810M2R520WH | Differential PTFE Teflon 0+/—200 
3 W 2810E00440WH Single-Stator PTFE Teflon 0+/-200 
3 W 28 10M00440WH Differential PTFE Teflon 0+/-200 
3 W 2810E00560WH Single-Stator PTFE Teflon 0+/-200 
3 W 2810M00560WH Differential PTFE Teflon 0+/-—200 
3 W 2810E00680WH Single-Stator PTFE Teflon 0+/—200 
3 W 28 10MO00680WH Differential PTFE Teflon 0+/—200 
3 W 2810E07100WH Single-Stator PTFE Teflon 0+/-200 
3 W 2810ME07 100WH Differential PTFE Teflon 0+/—200 
~~ o W 2810M07150WK Differential Polycarb. 0+/-—200 
& 10mm x 11mm x 11mm 300VDC 
5° 4 2810D00437QH 08002 4/37 Single-Stator Round PTFE Teflon * | —250+/-150 1000 400 170 Yellow 
o 4 2810D00557QH 08003 5/57 Single-Stator Round PTFE Teflon | —250+/-—150 1000 400 150 Blue 
o 8mm x 9mm x 10mm 300VDC 
2808D1R405NH Single-Stator PTFE Tefion« } —250+/—150 
© 2808D 1R405MH Single-Stator PTFE Teflon | —250+/-150 
2808D00209NH Single-Stator PTFE Teflon } —250+/-—150 
~ 2808D00209MH Single-Stator PTFE Teflon —250+/—150 
% 2808D00218NH Single-Stator PTFE Teflon | —250+/-150 
© 2808D00218MH Single-Stator PTFE Teflon =250+/-150 
8 
S *Marking for types 11mm x 14mm x 9mm: Marked with max. capacitance value in pf, followed by the Letter E (Single-Stator Type) or the Letter D (Differential Type). 
By | 
7) 


* Is a registerd trademark of E.l. DuPont de Nemours 
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SERIES 2800D/E/L/M (809) 
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Design data for selecting and applying 
variable capacitors 


Shiai an ge cc a 


Configurations. The variable capacitors listed in 
this catalog are direct-engagement, rather than 
screw-compression, types. 


Film-Dielectric Trimmer Capacitors (Figure 1) are 
composed of a set of D-shaped plates rigidly 
mounted in a round or rectangular plastic hous- 

Ing, engaging a set of similar plates mounted on 
a central rotor shaft, interleaved with discs of 
plastic film dielectric. Most types are single-stator 
designs (Figure 2A), with a continuously rotatable 
rotor providing minimum-to-maximum capaci- 
tance adjustment over an effective angle of adjust- 
ment of 180°. 


Series 809-070 trimmers offer a choice of single- 
stator (Figure 2A) or differential (Figure 2B) con- 
figurations. 


The differential design provides reciprocal engage- 
ment of the rotor with two separate stators, so that 
the capacitance between one stator and the rotor 
increases, as the capacitance between the other 
stator and the rotor decreases, over an effective 
angle of rotation of 180°. In this Series, rotation 
of the rotor shaft is not continuous, but is limited 
toamaximum of 180°. In all models, connections 
to the rotor plates, and to all stators, are brought 
out as pins or tabs for direct insertion into PC. 
boards. 


Figure 2. Electrical Configurations 
A. Single-Stator 
B. Differential 


Figure 1. Film Dielectric 
Trimmer Capacitor Styles 
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Capacitance Limits. Even when the rotor plates 
in a film dielectric trimmer are competely dis- 
engaged from the stator, a measurable amount 
of capacitance exists between the capacitor ter- 
minals. Though small, this “zero capacitance” 
can be significant in some applications, and its 
maximum possible value is therefore given for 
each capacitor listed in this catalog. This value 
may vary slightly during a production run; for any 
given type, it will often be less than the rated 
value in the tables, but it will never be greater. 


Similarly, the maximum attainable capacitance, 
with rotor fully engaged, will always be at least as 
great as the specified maximum (or the rated mini- 
mum plus capacitance swing) for any given model. 
Capacitance is measured at a standard test tem- 
perature, at a standard test frequency, and at 
negligibly low test voltage. 


NOTES: The standard test temperature for 
Philips Components capacitors is 25°C (77°F). 
Measurements at other ambient temperatures 
must allow for the temperature coefficient of 
the capacitor. The standard test frequency Is 
1 MHz. “Negligibly low test voltage” means 
that the test voltage applied is not high enough 
to cause significant temperature rise due to 
losses and leakage. Usually, at the standard 
test frequency, the test voltage is not critical. 


Temperature Coefficient (of Capacitance). The 
maximum change in capacitance per unit change 
in the temperature of the capacitor, usually 
expressed in (+) parts per million of nominal per 
degree Centigrade. A T.C. rating is associated 
with a specific temperature range, over which the 
maximum T.C. is never exceeded. 
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Design data for selecting and applying 


variable capacitors 
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NOTES: The temperature reference in this 
specification is that of the capacitor, not the 
ambient temperature...although, in the 
absence of self-heating due to losses or leak- 
age, if the capacitor has had time to reach 
thermal equilibrium with the ambient, the 
Capacitor temperature will be the same as the 
ambient temperature. The preferred test 
method is to measure capacitance (at negli- 
gible test voltage for the frequency specified) 
at several different temperatures, holding each 
temperature long enough for the capacitance 
to stabilize. 


T.C. Tolerance. The maximum uncertainty in the 
temperature coefficient, expressed as a deviation 
in the nominal T.C. rating, over the temperature 
range for which the nominal T.C. was given. This 
tolerance indicates the variations in T.C., from 
unit to unit of the same model, that must be 
allowed for in a worst-case analysis of compen- 
sation or stabilization. 


Quality Factor (Q). The ratio of the equivalent 
shunt resistance to the reactance of the capacitor 
at a specified test frequency. Alternatively, the 
ratio of the reactance of the capacitor to its 
equivalent series resistance. 
NOTES: The equivalent shunt (or series) resis- 
tance represents a// the losses in the capacitor 
regardless of their source, at the specified 
frequency. Clearly, the sources of power loss 
in a capacitor are both series-connected (e.g. 
lead resistance) and shunt-connected (e.g., 
dielectric losses), but it is assumed, in Q cal- 
culations, that all losses may be represented 
by a single resistor. Q is sometimes called 
“Storage Factor.’ 


C 
sh 
Xe 
Rse C 
Xe 1 
Figure 4. Derivation Q= = 
of Quality factor. Rse 27f C Rse 
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Dissipation Factor (D). The inverse of Quality 
Factor, as defined above, usually expressed in 
percent of unity: 


2d. 
2=6 
0 
D (%) = = 
Example: for Q = 50, D = 0.02 or 2%. 


DC Leakage and Insulation Resistance. The 
insulation resistance is the ratio of the DC test 
voltage impressed across a capacitor to the cur- 
rent that flows through it, at a specified DC test 
voltage and a specified capacitor temperature. 
The current is measured after the capacitor has 
had an opportunity to charge up to the test volt- 
age. The leakage current is simply the current 
measured in the above-described test, usually 
with a test voltage set at the rated working volt- 
age of the capacitor. 
NOTES: The insulation resistance is not to be 
confused with the equivalent shunt resistance 
described under Quality Factors. The two are 
only equal at DC; at AC, the equivalent shunt 
resistance is lower, to account for dielectric 
and series losses. Leakage is only one loss 
component. 
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Fixed Resistors 
QUICK REFERENCE INDEX 


INDUSTRIAL/CONSUMER GROUP 


= Temperature E 
Philips Tolerance Coefficient Voltage 
bmponents Body Range Range Range 
Series Category Type (+%) (PPM/°C) (volts) 


SPACE GENERAL METAL FILM 220-10Meg 5% +100 % 200 
MISERe PURPOSE Conformal 100-10Meg 1% +100 Ya 200 
Coated 
CR GENERAL | CARBON FILM 10-10Meg 5% —200 to 250- 
PURPOSE Conformal +500 +300 350 
Coated 
SFR GENERAL METAL FILM 10-10MegQ 1%-2% +200 & 250- 
PURPOSE Conformal 5% +100 350 
Coated 
POWER METAL FILM 1R-1Meg +5% +250 1 350 
FILM Conformal 2 500 
Coated 3 700 


HIGH CERMET FILM | 100K- -220Meg +5% +200 %,¥%,1 to 
VOLTAGE/ Conformal 10KV 

HIGH Coated 

VALUE 


NFR FUSIBLE/ METAL FILM 10-15KO +5% +100 %%,% |e 
FLAMEPROOF | Conformal +200 500 
Coated 
SFR Jumper .0019 Max Vani 
ZERO OHM Wire 
JUMPER 
WIRE 
SPR STANDARD METAL FILM 10-1Gig 5%-5% O50 to 250- 
(5000Y) PRECISION Conformal 504 
ctton | Ree Coated Soest band Eee a ll 


UPR & ULTRA METAL FILM | 51.10-511K {| 0.02%-1.0% 5 to Yo-V 200- 507 
MATCHED | PRECISION Conformal 25 300 512 
SETS Coated 
(50002) 


PRECISION METAL FILM 5Q-100K .05%-1% = t0 (@25°C) 160- 
POWER Conformal +100 1-5 500 
FILM Coated 


INDUSTRIAL/STANDARD MILITARY zn 
Temperature Power x 

Tolerance Coefficient Range 
Range Range @70°C Q 
(PPM/°C) (watts) (volts) Page xy 
RL MIL-R-22684 | METAL FILM 430-470KN 2% +100 Y-—Y% 250- 513 @ 
(5000T) | Conformal 5% 350 ~w 
Coated a 
RN MIL-R-10509 METAL FILM 10-4M 0.1%-1% +25 "Ao—% 200- 511,515 ee 
(5000R/M) Conformal +100 350 =) 
Coated a | 
7) 


ESTABLISHED RELIABILITY (MIL) 


RLR MIL-R-39017 | METAL FILM | 4.30-1.330 1%-2% +100 %-% 200- 518 
(5000U) Conformal 350 
Coated 
RNC MIL-R-55182 | METAL FILM 100-3.01M 0.1%-1% +25 to @4+125°C 200- 520 
(5000V) Conformal +100 Yo-M% 300- 
Coated 
RNR MIL-R-55182 | METAL FILM 100-1.21M 0.1%-1% 75 @+1 ots 200- 
(5000A) Hermetic Seal £56 "“Yo-% 300- 


PACKAGING INFORMATION FOR PHILIPS COMPONENTS RESISTORS he BOB. 
DESIGN DATA FOR SELECTING AND APPLYING FILM RESISTORS 526 
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SPACE MISER' 
5063J Metal Film Resistor 


1% & 5% Tolerances 
100 PPM/°C T.C.R. 
Power Rating 
1/3 Watt @ 70°C 
for 10,000 Hr. Operating Life 
1/4 Watt @ 70°C 
for 225,000 Hr. Operating Life 


DESCRIPTION FEATURES 


Philips Components and Beyschlag of West Ger- » Designed for High Density Applications 


many combine to offer general purpose metal ; 
film resistors suitable for high density packaging. ™ 300 in OB en — on as Close as 


The 5063J Space Miser dissipates 1/3 Watt in 
a package the size of the smallest 1/8 watt. @ 1/3 Watt (No Power Sacrifice While Downsizing) 
In addition to the small size, the 5063J Space ™ Tape and Reel & Ammo Packaging for Auto- 
Miser offers the outstanding electrical charac- matic Insertion 

teristics—low noise, low reactance, stability, tem- g Exceeds the Stability Requirements of Mil-R- 
perature coefficient—of a truly superior metal 7409509 


film resistor. : ‘ 7 a 
The 5063J Space Miser features a high alumina a te y-Line' Reliability Testing 


core for superior mechanical strength and heat ™ Excellent Pulse-Handling Characteristic 
dissipation; 0.020 in leads for ease of auto inser- | 
tion and heat dissipation; inline pulse testing for | 


reliability enhancement; and an effective coating = ee eS 
system for solvent and environmental protection. ae 
SPECIFICATIONS CL — CL 

. Resistance Max 

Resistance 
Range T.C.R. Voltage 

+5% 22-10 MEG 0.142in. | 0.063 in. 

+£1% 1-10 MEG +100 200 (3.6) (1.6) 


Power Rating at 70°C—1/3 Watt for 10,000 hour life; 1/4 watt for 225,000 hour life. 
*The 50634 is also available as a zero ohm resistor. 
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SPACE MISER 


5063J Metal Film Resistor 


PERFORMANCE SPECIFICATIONS COMPARISON 


% Change in Resistance (AR) 
5063J Mil-R-39008 | Mil-R-22684 | Mil-R-10509 
Test Tolerance Style RCR Style RL Style RN | 


Requirement | Requirement | Requirement 


Temperature Cycling, —65°C to +150°C 
Low Temperature Operation, —65°C 
Short Time Overload 

Terminal Strength, 5 Ib. pull 

Resistance to Soldering Heat, +350°C 
Moisture Resistance, Mil Std 202 

Life 1000 hrs (1/3 watt) 

Life 1000 hrs (1/4 watt) 

Life 1000 hrs (1/8 watt) 

Shock, 50G, 11ms 

Vibration-High Frequency, 10-2000Hz 


*95% of parts tested had smaller changes than indicated. 


PART MARKING 


Tolerance 


Black 0 1 
5% Brown 1 
Red 2 
Orange Hs 
° Yellow 4 
1% Green 5 
Blue 6 
Violet 7 
Gray 8 
White 9 Ry 
| Figure | Figure | Figure | Multiplier | Tolerance | Gold a! . 
Silver a S 
HOW TO SPECIFY ® 
a 
5063J Resistors can be completely specified using the following designation: ce 
50 6 3 J D 270KO F P. 
Fixed 
Resistor Style Resistance 
Axial Lead J = MBA Tolerance 
F F = +1% 
Resistance Value j= +59 
Power Rating Temperature R—ohm ath 
1/3 Watt Coefficient K—1,000 ohm 
D = +100 PPM/°C M—1,000,000 ohm 
49R90 = 49.90 
= 4990 
Encapsulation Style Bria _ coe 
3 = Conformal 1MOO00 = 1 meg2Q 
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SPACE MISER 


5063J Metal Film Resistor 


Application Guidelines 


PREFACE 


A resistor is a simple device. So why are we issuing 
an applications guide? 

One reason is that film resistors really aren't quite 
so simple. For example, the materials selection is 
Critical. Materials must be matched for thermal ex- 
pansion characteristics, for chemical compatibility 
under a variety of ambient conditions, and for sta- 
bility with time and temperature. Plus the processes 
involved in the manufacture of a resistor are quite 
sophisticated. Many processes used in IC or hybrid 
production were developed for, or first used for, 
discrete resistors. 

A second reason is that pure, absolute resistance 
exists only in textbooks. All resistors have some 
degree of capacitance and/or inductance. All resis- 
tors are, to some degree, unstable with time, tem- 
perature and load. 


Our third reason is that, as in the development of 
any product, the design and manufacture of the 
5063 resistor involves a number of technical alter- 
native decisions which impact your application of 
the product. 

To simplify the introduction of the 5063J, we have 
presented a series of questions and answers re- 
lated to each major application factor. In developing 
the answers, we have tried to include some of the 
reasoning behind the design alternative decisions. 


We may not have answered the question in your 
mind or we may not have provided enough detail. 
lf not, give us a call and we'll do our best to help 
you. 


POWER RATING 


The power rating indicates the maximum power that 
can be dissipated continuously at a specified ambient 
temperature with the ‘hot spot’ temperature not 
exceeding a specified maximum temperature. 

By lowering the “hot spot” temperature, the resist- 
ance change over time can be reduced and the useful 
life of the resistor extended. 


Power Resistance | Hot Spot Max % AR vs. Time 
Rating Value emec) [1000 Hrs. 
@70°C (ohms) (°C) 1000 Hrs.| 10000 Hrs. 10000 Hrs. 225000 Hrs. 
1/3 Watt | 10 to 100K 
1/4 Watt | 10 to 100K 
484 


POWER DERATING 

The 5063J Space Miser can be operated at ambient 
temperatures higher than 70°C, provided the dissi- 
pated power rating is reduced per the following curves. 


Operating time 10,000 hours. 


Boalt te ET TT er 
ri oe 
= 02 
40 100 140 +=160 
2 
s 
: 
a 


40 60 80 100 
Ambient Temperature — °C. 


120 140 


Q. How can the 5063J be rated as a ’; watt when 
it's only a % watt body size? 

A. First, there is an historical aspect to the size 
vs. power rating question. In the U.S. in the late 
1950's, when the first metal film resistor specifi- 
cations were being written, it was deemed desir- 
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SPACE MISER' 


5063J Metal Film Resistor 


able to have the film resistor the same size as a 
carbon composition of the same power rating, 
even though the thermal characteristics were 
quite different. 

So when we Say that a resistor is a “% watt size’, 
one meaning is that it is the size set by the mill- 
tary originally for carbon composition for % watt 
dissipation. In actuality, the ability of a resistor to 
dissipate power is a function of (1) the tempera- 
ture hardness of the materials used and (2) the 
efficiency of heat transfer to the world outside 
the resistor. Size is, of course, a factor, but for 
film resistors, not the most important one. 

The 5063J was designed specifically to be able 
to dissipate maximum power in the minimum size 
to allow downsizing without electrical redesign. 

Q. Why the double (1/3 & 1/4 watt) ratings and 
how are they to be used? 

A. We divided applications into normal and long- 
term classifications. A “normal” application is de- 
fined as one where the useful operating life of the 
equipment is 10,000 hours or less. An example 
would be an automobile. The life of an auto Is 
estimated as 100,000 miles at an average speed 
of 20 miles/hour or 5,000 hours. 

The definition of “long-term” is 225,000 hours 
operation. An example of this kind of application 
would be telephone switch gear, which is in con- 
tinuous operation for many years. 

Since the resistor is not required to “last” as long 
in a normal application, it can be rated higher, 
with a higher operating temperature. Conversely, 
for the long-term application, the operating tem- 
perature must be lower to extend the life of the 


resistor. 
Application Surface Temperature Life 
(ambient of 70°C) 
Normal 155°C 10,000 Hrs 
Long-term 125°C 225,000 Hrs 


Q. How does the 5063J differ from other film 
resistors? 

A. Let’s look at how the 5063J isconstructed and 
how it functions thermally. The mechanics are 
simple—a ceramic rod is coated with a thin film 
of various resistive alloys, end caps are press- 
fitted, the film is cut in a helix around the cylindri- 
cal rod to increase the resistance, leads are welded 
to the end caps, the body is coated for environ- 
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mental protection and the body is color banded 
for identification. 

The electrical energy is converted to heat in the 
resistive film. The heat is then conducted to the 
outside (using air as the immediate environment) 
by two primary paths: 


1. FILM—»>CORE—>CAP— AIR 
LEAD=— AIR 
PCB— AIR 


2. FILM—>COATING— AIR 

To optimize the heat transfer, the 5063J has several 
interesting features: 

(1) The core material is a specially developed, high 
alumina, highly thermally- conductive formulation 
which improves the transfer of heat from the core 
through the core to the cap. 

(2) The bottom of the end cap is uncoated, which 
increases the area of metal to air surface exposure. 
(3) The 5063J has larger leads. Most resistors of 
this size have .016"' diameter leads while the 5063J 
has .020". This increases the metal to air surface 
area and, more importantly, as heat transfer is pro- 
portional to cross sectional area of the lead, increases 
the heat transfer to the printed circuit board by a 
factor of 1.56. 

(4) The coating on the 5063 is thinner than normal. 
The most important role of the coating is to protect 
the resistor from adverse environments—abrasion 
and humidity primarily—and to isolate the resistor 
electrically. 

Unfortunately, the materials which do this best are 
also good thermal insulators, so that heat transfer 
along the second path cannot be maximized without 
compromising the main purpose of the coating. A 
proprietary coating has been developed for the 
5063J which will perform the primary function of 
protection and isolation with a minimum thickness. 


MOUNTING 

Packaged to allow use of standard auto insertion 
equipment (Ammo pack or reel). 

200 in. centers possible (leads bent at right angles). 
Rugged construction with high alumina core prevents 
breakage. 

0.020 in. leads provide easier handling by automatic 
insertion equipment. 

Color banding for ease of on-board identification. 
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SPACE MISER 


5063J Metal Film Resistor 


Q. Because of the unique design, are there any 
special precautions which need to be taken in the 
application of the 5063J? 

A. Possibly. Remember, the body temperature of 
the 5063J at maximum dissipation and ambient 
temperature is 155°C so check the temperature 
rating of the printed circuit board. If your applica- 
tion is at maximum dissipation and ambient tem- 
perature with minimum spacing, the solder joint 
temperature may also be critical. 

RELIABILITY 

100% inline pulse test to eliminate infant mortality. 
High alumina core and 0.020" leads provide a “cooler” 
hot spot at any given wattage than other resistors of 
the same size for longer life. 

In use failure rate of .00007%/1000 hrs. 
Manufactured under CECC quality assessment 
program. 

Q. What is Philips Components’ position on Quality 
of the 5063J? 

A. Although Mepco/Centralab doesn’t manufacture 
the 5063J, we back the product exactly as though 
we did. 


Before offering this product, we conducted an exten- 

sive evaluation in our own test facilities, using the 

same equipment and procedures we use to test Philips 

Components products to the Established Reliability 

Specifications. We found the performance to be 

excellent. A summary of this test is an addendum to 

this guide. 

We have visited Beyschiag to review the manufac- 

turing facilities and to talk with their technical, quality 

and management people. The Beyschlag organiza- 

tion is of the finest caliber. (We believe we should 

know because we're not exactly new to this business.) 

Beyschlag has earned an international reputation 

for superior quality—that’s one reason we joined with 

them in offering this product. 

Q. What is the inline pulse test? 

A. The inline pulse test consists of 

[a] reading of the resistance; 

[b] loading the resistor with a maximum pulse of 
50 times the rating; 

[c] reading the resistance; 

[d] calculating the change in resistance: 

[e] eliminating any resistors which change more 
than a specified amount. 

The initial resistance reading establishes the norm 

for that resistor. If the resistor has a critical defect 

or flaw, the pulse applied will induce a change 
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in resistance. The second reading measures that 
change and compares it to astandard for expected 
change. If the standard is exceeded, the resistor 

is rejected. 

Q. What is the “in use failure rate’? 

A. This is the maximum estimated failure rate at 
60% confidence, valid for resistances from 10 to 
100,000 ohms, mounted in equipment after the 
equipment has left the equipment test area. 

Q. The 5063J is manufactured under the CECC 
Quality Assessment Program. What exactly does 
that mean? 

A. CECC stands for the CENELEC Electronic 
Components Committee. CENELEC is the Euro- 
pean Committee for Electrotechnical Standards. 
This is a European International standardization 
and Quality Assessment group with the power to 
grant a Mark or Certificate of conformity. 
CURRENT NOISE 

Current noise is generated by the passage of current 
through the resistive material. It is inversely propor- 
tional to frequency and proportional to the square 
of the current. 

In addition to the above general relationships, current 
noise depends greatly on materials, design, manu- 
facturing techniques and resistance value. 

Noise index is the ratio of current-noise voltage to 
average DC voltage produced by a specified current, 
measured over a one-decade frequency bandwidth 
and is expressed in microvolts/volt. 


The following chart presents the maximum value of 
95% of the population. 


Noise 
- 
(uV/V) 


1.0 


oM 


2M 


50k 100k 200k 500k 1M 


(Ohm) 


10k 20k 
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Q. Why is noise considered important? 


A. |In addition to the obvious concern that a low 
level signal may get lost in the noise, noise is an 
indication of the reliability of the resistor. The 
same defects which can cause failure of the resis- 
tor most likely will make the resistor noisy. 


Q. What types of defects cause noisy resistors? 
A. Generally, defects which can intermittently 
impede current flow, such as flaws in the core, 
film defects and helixing flaws. 

PULSE LOAD RATING 


m™ Instantaneous power can be higher than that 
shown by the derating curve provided the follow- 
ing conditions are observed: 


Following conditions must be fulfilled 
simultaneously: 


te 

1 

ad Viedt = PT (1) 
ta 


Iyl Sci / PT °R (2) 


t 
[Vil Scu + V max (3) 


Py: Permissible constant load at a 
given ambient temperature T 


el TTT TTT PTT Ly 
Eiees 2 


V max = 200 V 


— — — — — Operating Time 225,000 Hrs. 
Q. What do these conditions mean? 


A. The first equation in essence says that the 
average power over the duration of one pulse 
cycle must not exceed the rated power. The sec- 
ond limits the peak voltage to a multiple of the 
rated voltage for the resistance under test, while 
the third places a further restriction on the voltage 
by limiting it to a multiple of the maximum con- 
tinuous voltage. The multiples are a function of 
the duration of the pulse and are given in the 
graph. 
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5063J Metal Film Resistor 


EXAMPLE: Pulse load rating for long-term 
operation. 


GIVEN: R = 100 Ohms 
T=70°G 
Vi = 25 V (square wave) 
ti = 0.2 ms 
to = 0.1 sec 


LIMITS: P79 = 0.25 watt 


V max = 200 V 


FROM GRAPH: cu = 2.4, ci = 5.4 

CONDITION 1: 
ee ees 
0.1 X 100 ohm 


0.0125 Watt < 0.25 Watt 


CONDITION 1 - OK 
CONDITION 2: 


25V < 5.4 0.25 Watt * 1000 < 25V 


CONDITION 2 - OK 


; : (25V) 2X 0.0002 sec = 


CONDITION 3: 
25V < 2.4 * 200V < 480 


CONDITION 3 - OK 
REACTANCE 


The reactance of the 5063J is primarily capaci- 
tive. (There may be some inductance at very high 
frequencies on small ohmic values, but it will be 
low.) 

Because the reactance of film resistors is small, 
it is very difficult to measure. External factors 
such as length of leads, layout of the circuit, 
environmental stray capacitance, measuring 
equipment, etc. may have a significant effect on 
the measured value. 

When measured with a Hewlett Packard 4720A 
automatic capacitance bridge, the 5063J dis- 
plays the following characteristics: 

(a) floating connections: C=0.15 to 0.20 pF 

(b) one side grounded connections: C<0.5 pF 
The capacitance was independent of resistance 
value and frequency up to 1 MHz. 

Q. How does this compare to other film resistors? 


A. The reactance of film resistors is primarily 
dominated by the cap to cap capacitance so that 
resistors of the capped construction and same 
physical size will have about the same reactance. 
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CR SERIES 


DESCRIPTION 


CR Series resistors are the highest-performance, 
highest-reliability low-cost carbon-film resistors 
available at the current state of the resistor art. 
They are particularly well suited to those appli- 
cations that require significantly better perform- 
ance than can be obtained with carbon-compo- 
sition resistors, and offer a simultaneous reduc- 
tion in cost as well. These resistors feature very 
low noise, excellent stability, and wide operating 
frequency range, in minimum size for their power 
ratings. 


DIMENSIONS 


Philips 
Components 
P/N 
(Type) 


Resistance 
Range 
(Ohms)* 


Resistance 
Tolerance 


Industrial/Consumer Confor 


mal-Coated 


5% Tolerance 
1/4, and 1/2 Watts (70°C) 


Carbon Film Resistors 


DESIGN FEATURES 


@ Highest Carbon-Film Temperature and Time 
Stability, approaching those of industrial metal- 
film resistors. 


@ Low Voltage and Power Coefficients, approach- 
ing those of metal-film resistors of comparable 
size. 


@ Lowest Noise Index Ever Attained in Carbon- 
Film. 


m@ Very Low Reactance—negligible series L, very 
low shunt C; reactance error is generally less 
than tolerance up to 10MHz, for most resist- 
ance values. 


m Excellent Immunity to Environmental and 
Electrical Stress. Highest reliability, longest 
stable life of any design in this class. 

= Most Compact Construction in this class. 


m@ Very Durable Design. Especially well suited to 
automatic assembly, wave soldering, convey- 
orized handling. Easily withstands industrial 
solvents used in cleaning circuit assemblies 


Dimensions Inches (mm)—see diagram 


0.024 
(0.6) 


024 
(0.6) 


1.102+.079 
(282) 


1.102+.079 
(28+2) 


*Within the resistance ranges shown, the available resistance values are indicated in the MIL 10 to 100 decade table of values (see table page 525), 


and their decade multiples. 


**Maximum run off on lead is 1 MM max. (0.039") ‘when both sides are added together. 
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CR SERIES 


Industrial/Consumer Conformal-Coated Carbon Film Resistors 


PERFORMANCE CHARACTERISTICS 


SPECIFICATIONS 1/4 W 1/2 W 
Power rating Prom 

at (O° Ge 0.25W 0.5W 
Maximum voltage AC 

Or DG. eee 250V 350V 
Voltage (RMS) that may be 

applied for 1 sec. across 

insulated coat......... 500V 700V 
Insulation resistance ..... 104MQ 104MO 

ALL TYPES 

Ambient temperature ..... —55 to +155°C 
Temperature coefficient... . see figure 2 
Noise voltage ........... see figure 1 


Dielectric Withstanding Voltage 
2x limiting voltage for 1 min. between 
terminals of resistor and 
metal foil....... no breakdown or flashover 


MARKING 
CR series resistors are marked using four color 
bands, per EIA specification RS-196A. 


PACKAGING 
Reel (5000 pieces per reel). 
noise 


(dB) 
20 


Figure 1. Noise as a function of the resis- 
tance value, applicable to all resistor watt- 
ages. 


DERATING CURVE 

100 | 
E 80 
= 
& 20 

30 50 70 90 110-3130. 150 
AMBIENT TEMPERATURE °C 
HOW TO SPECIFY 


170 


CR SERIES Resistors can be completely specified using 
the following designation: 


1 


Fixed 


Resistor 
Available in Bulk (100 pieces per box) or Tape and = Ax!al Lead 


) 3 Cc X 470KO 


Style 
C = Carbon 
Film Resistor 


Temperature 
Coefficient 


Wattage 
4=1/4 
5 = 1/2 
Resistance Value 
R—ohm 


Encapsulation Style 
K—1,000 ohm 


3 = Conformal 


M—1,000,000 ohm 


49R90 = 49.90 
499RO = 4990 
1KO00 = 1K 0 
temp. coeff. 1MO00 = 1 megQ 
(10°8/K) 


105 


Figure 2. Temperature coefficient as a 
function of the resistance value, applicable 
to all resistor wattages. For values< 100 
& >1Meg the Temperature Coefficient is 
<—+200-x 1078 /:°-C 
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| 


Resistance 
Tolerance 
ieee EY 


R (Q) 108 


489 


Y Paxig: 


SIS9 


S10} 


SFR SERIES 5043E 


Standard Film Resistor 


METAL FILM 

1%, 2%, 5% Tolerances 
Yq Watt (70°C) 

Power Ratings 


DESCRIPTION 


Philips Components now offers a low cost metal 
film resistor in a 1/4 watt with a wide range of 
resistance values and tolerances. Designed for 
high value manufacturing and automatic insertion, 
the SFR series provides an economic way to 
upgrade your circuit with the superior stability, 
temperature coefficient, low noise and low reac- 
tance inherent in a well designed metal film 
resistor. 


The +2% and +5% tolerance SFR’s have a tem- 
perature coefficient of +200 PPM/°C and are 
specifically designed for replacement of carbon 
composition (RCR 07 & 20), carbon film and older 
design metal film resistors such as RLO7 and 
RL20. The £1% SFR55D’s with their +100 PPM/°C 
temperature coefficient are specifically designed 
for high volume 1/4 watt resistor applications 
requiring RN55D performance. 


SPECIFICATIONS 


Resistance | Resistance 
Tolerance 


Temperature 
Coefficient 


+200 PPM/°C 


SFR Style 


9043EM 100 - 1MO 


10 - 10MOQ 
100 - 1MO 


(SFR 25) 


9043ED 
(SFR 55) 


+100 PPM/°C 


Lead Material: Oxygen free copper 30/70 Tin/Lead Plated Type C (Mil-Std 1276) 
Coating: Modified epoxy phenol 
Zero-ohm jumpers available upon request 
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FEATURES 


@ Better than Military Performance (MIL-R-10509, 
RN55) 


= Compact Construction for Down to .350 in. 
Centers (.260 In. Max. Clean Lead to Clean Lead) 


@ Color Band Marking for Ease of Identification 
after Mounting 


m@ Tape and Reel Package for Automatic Insertion 


Designed To Put The Maximum 
Performance Into The Circuit At The 
Lowest Possible Cost. 
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SFR SERIES 


Standard Film Resistor 


ELECTRICAL CHARACTERISTICS COMPARISON 


ne Mil-R-39008 Mil-R-22684 Mil-R-10509 
Specification RCR RL Char. D, RN 


Resistance Range 10 - 10MO 2.70 - 22MQO 510 - 150KO 100 - 301KO, 


Tolerance £1%, +2%, +5% | +5%, +10% +2%, +5% +1% 


Temperature Coefficient 
PPM/°C +100, +200 +5000 +200 +100 


Maximum Operating Voltage 250 250 250 250 
(DC or RMS) 


Operating Temperature Range 55°C to +155°C. -1 95°C to 150°C 55°C to 150°C —55°C +165°C 


PERFORMANCE SPECIFICATIONS COMPARISON 


Maximum % Change in Resistance (AR) 


Mil-R-10509 
Style RN 
Requirement 


Mil-R-22684 
Style RL 
Requirement 


SFR Series 
Average 


Mil-R-39008 
Style RCR 
Requirement 


Temperature Cycling, —65°C to +150°C 
Low Temperature Operation, — 65°C 
Short Time Overload 

Terminal Strength, 5 Ib. pull 

Resistance to Soldering Heat, + 350°C 
Moisture Resistance, Mil Std 202 
Life 1000 hrs 

Shock, 50G, 11 ms 

Vibration-High Frequency, 10-2000Hz 


PHYSICAL COMPARISON 
OUTLINE DRAWING 


a es 


.260 max .098 max i .024 + .002 
Clean 250 + .031 090 + .008 .023 to .027 
Lead to 243 + .038 090 + .008 .019 to .027 


.250 + .031 109 == 031 023 to .027 


— .046 
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SFR SERIES 


Standard Film Resistor 


PART MARKINGS 
CUT AND FORM 
| 
300" 
: Lo) ——— 
.300" 
[500 
0 
1 
2 
3 
Yellow 4 
Green 5 
Blue 6 
Violet 7 
Gray 8 
White 9 
Gold — 
HOW TO SPECIFY 
SFR Series Resistors can be completely specified using the following designation: 
50 S 3 E M 470K0 G 
Temperature Resistance 
Fixed Coefficient Tolerance 
Resistor D = +100 PPM/°C F==+1% 
Axial Lead (SFR 55D) (SFR55D) 
M = +200 PPM/°C G = +2% 
P Jj = 22940 
Power Rating Z ide , 
4 = % W—SFR 25, SFR55D = Standar : 
Film Resistor Resistance Value 
R—ohm 
K—1,000 ohm 
Encapsulation Style M—1,000,000 ohm 
3 = Conformal 49R90 = 49.90 
499RO = 4990 
1KO00 = 1KO 


1MO000 = 1 megO 
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SFR SERIES 


Standard Film Resistor 


TAPED LEAD & REEL PACKAGE CONFIGURATIONS, CUT AND FORM 


All Philips Components SFR Fixed Film resistors 
are furnished in taped-lead format, in multiples 
of 5000 pieces, to suit the requirements of auto- 
mated production. Bulk available upon request. 


LEAD TAPING DIMENSIONS | | : 
|. iro t* P ALIGNMENT me 
COMPONENT | co eos so 
SPACING oi ake 
ACL 


SPACING BETWEEN TAPE 


Dimension in Inches (millimeters in bold type)—see diagram. 


_ REEL PACKAGING 


_ DIMENSIONS 
. Kraft paper (brown) 


® 
2 
a 
. Spirally-wound paper spool 1] 
. Cardboard disc 4 
. Scotch No. 267, or <4 
comparable tape/tape system S 
7) 


fh OND — 


Bare tape at beginning 
and end of reel: 36". 


305 7 
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5053H (SFR25H) 


Metal Film Resistor 


1%, 5% Tolerances 1/2 Watt at 70°C Power Rating 
Miniature Size 


Designed to put the maximum 
performance into the circuit in the 
minimum space. 


DESCRIPTION FEATURES 


ili ini | ini Board Space 
Philips Components has combined the low cost Miniature Size for Minimum : 
manufacturing of the SFR series with ahighcon- _ Requirements (Can be placed on .350 in. centers) 


ductivity, high density alumina substrate resulting ™ Color Band Marking for Ease of Identification 
in alow cost, superior performance, 2 wattresistor | after mounting. 


= — ote 7 oe Saunt oi conventional 2m Tape & Reel Packaging for Automatic Insertion. 
watt resistor. The retains all the advantages _R- 

of the SFR series: Uniform size, low reactance, . ipseed he ree ctimanee (Magee: 
low noise, excellent temperature coefficient of 

resistance and stability. The 5053H complements | D 
the SFR60D and SFR30 in the Philips Components 


line. It is a replacement for the RC20, RN60,and co 


RL20 Mil styles in applications not requirin a OEE! 
qualification. . ' B Ln Seattle. 


CL — CL 
SPECIFICATIONS 


Philips 
C 
Nom 
5053H 100 - 1MO +1% +100 PPM/°C % watt | 350 VRMS .260 in. .098 in. 1 in. .024 in. 
(SFR25H) 10 - 10MQ +5% +200 PPM/°C 6.6 mm 2.49 mm 28.0 mm .6mm 


*Within the resistance ranges shown, the available resistance values are indicated in the MIL 10 to 100 decade table of values and their 
decade multiples. 


Maximum 
Voltage 


Resistance 
Tolerance 


Resistance Temperature 


Coefficient 
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Metal Film Resistor 


ELECTRICAL CHARACTERISTICS COMPARISON 


Regine MIL-R-39008 MIL-R-22684 MIL-R-10509 
ali RCR RL Char. D, RN 


Specification | 1% | 5% | (1/2 Watt) (1/2 Watt) (1/2 Watt) 


Resistance Range 10Q-1MQ ]} 10-10MO | 2.70 - 22MO 510 - 150KO 100 - 301KO 


Tolerance seal +5% +5%, +10% +9% +5%, +1% 


Temperature Coefficient 
PPM/°C 


Maximum Operating Voltage 
(DC or RMS) 


Operating Temperature Range | —55°C to +155°C —55°C to +150°C | —55°C to +150°C | —55°C to + 165°C 


+100 ==40)0) +5000 +200 +100 


350 |, 350 350 350 


PERFORMANCE SPECIFICATIONS COMPARISON 


Maximum % Change In Resistance (AR) 


MIL-R-39008 MIL-R-22684 MIL-R-10509 
Style RCR Style RL Style RN 
Requirement Requirement Requirement 


Temperature Cycling, —65°C to +150°C 
Low Temperature Operation, —65°C 
Short Time Overload 

Terminal Strength, 5 Ib. pull 
Resistance to Soldering Heat, +350°C 
Moisture Resistance, Mil-Std-202 

Life, 1000 hrs 

Shock, 50G, 11ms 

Vibration-High Frequency, 10-2000 Hz 


PHYSICAL COMPARISON 
- OUTLINE DRAWING 


C 
a ee ee ee ee 
Clean 
Lead to 260 max .098 max 1.1 nom 024 + .002 
3 375 + 031 138 + .023 15+.125 026 to .036 
380 + .036 138 + .023 15+ .125 026 to .036 


375 + .062 125 + .40 Lo 120 025 = .002 


Philips Components « Airport Road, P.O. Box 760 « Mineral Wells, TX 76067 ¢ (817) 325-7871 * FAX: (817) 326-1052 495 


SERIES 5053H 
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SERIES 5053H 


Metal Film Resistor 


PART MARKINGS 


9053H (1%, 5%) 


HOW TO SPECIFY 


Black 
Brown 
Red 
Orange 


Yellow 
Green 
Blue 
Violet 
Gray 
White 
Gold 


9053H Series Resistors can be completely specified using the following designation: 


496 


20 


Fixed 
Resistor 


Axial Lead 


) 


Power Rating 


5H=bWw 


3 


Encapsulation Style 
3 = Conformal 


H 
Style 
H = Standard 
Film Resistor 


Miniature v2 W 


D 470K F 
a ie jp 
Temperature Resistance 
Coefficient Tolerance 
D = +100 PPM/°C F=+1% 
M = +200 PPM/°C J = +5% 


Resistance Value 
R=ohm 
K = 1,000 ohm 
M = 1,000,000 ohm 
49R9 = 49.9 
499RO = 499 
1KO00 = 1K 
1MO00 = 1 Meg 
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PR SERIES 


Miniature Power Film Resistor, Metal Film 


5% Tolerance 
1, 2, and 3 Watt @ 70°C 


DESCRIPTION 

The PR Series Metal Film Power Resistor Line 
offers the designer a low cost alternative to con- 
ventional power film resistors in a convenient 
small body size. The use of a high conductivity, 
high density substrate allows the performance 
of the PR series to equal that of the larger con- 
ventional power film resistors. 


DIMENSIONS 


FEATURES 


& Small Size for Minimum Board Space 
m@ Low Inductance 


=@ Color Band Marking for Ease of Identification 


= Flameproof Coating which withstands all 
solvents per MIL-STD-202, Method 215 


m@ Wide Resistance Range 1 ohm to 1 Megohm 


SPECIFICATIONS 


Temperature 
Coefficient 
(PPM/°C) 


Resistance Resistance 
Range Tolerance 
(ohms) (%) 


PRO1 


59073NW 


PRO2 
5083N W 


PRO3 
5093N Ww 
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PERFORMANCE SPECIFICATIONS 


Max. % Delta R 


Thermal Shock 1% 
Terminal Strength 0% 
Humidity (Mil-Std-202, Method 103, 

Condition D, .01 X Rated Power) 3% 
Life (1000 HR @ Rated Power) 5% 
Vibration 5% 
Effect of Solder 1% 
Shock 5% 


a 
a 
® 
Q. 
aU 


SIiSd 


S40} 


PR SERIES 


Miniature Power Film Resistor, Metal Film 


Derating Curve 


25°C 70°C 125°C 155°C 205°C : 


7Z81766 200 7281723 


200 


ET TT TTT 


7A 
COCA TA ee 
CCEA ee 
COAT 
COPE 
(CEC 


ia 
PAC) | ba ey 
Pre | tele TT 
: 1. 


PRO1 PRO2 


PACKAGING 


5000 1Qto1MQ 


5000 Tate Ma 
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VR SERIES 
High Voltage Resistor 


5% Tolerance 

1/4, 1/2, and 1 Watt 
(70°C) Power Rating 
High-Ohmic/High-Voltage 


DESCRIPTION 

A cermet film is deposited on a high grade ceramic 
body. After a helical groove has been cut in the 
resistance layer, solder plated electrolytic copper 
lead wire is welded to the end caps. The resistors 
are coated with a blue insulating lacquer, which 
also provides protection against environmental 
effects. 


FEATURES 
@ Resistance Values to 220 Megohm 
= Voltages up to 10 Kilovolt 
= Color Band Marking 


APPLICATION DIMENSIONS 
VR Series resistors are used in circuitry where 

high resistance, stability and reliability are required 

in the presence of high voltages. 


po 


SPECIFICATIONS 


Value Rating Resistance ae Packaging 
Range 70°C Tolerance TC of R =e 
Style (Ohms) (Watts) (%) (PPM/°C) ne 


VR25 100K to 


5043DM 22 Meg 


VR37 100K to 
5053DM 39 Meg 


VR68 100K to 
5073DM 220 Meg 
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Tape & 
Reel 
5000 PC 


Tape & 
Reel 
5000 PC 
Ammo 
Pak 
500 PC 


499 


S40}SISOY Pax i) 
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f 
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VR SERIES 
High Voltage Resistor 


DERATING CURVE Power vs. Resistance Value of High-Voltage 
Resistors at T,,,, = 70°C. 


Maximum dissipation as a function of the 


% ambient temperature for VR25, 37, 68. 10 
Power ee 
(Watts) 
pa en a hte hart tele 
=a rears ait 
ES NNN 
107) SN 
Lt 
in fay + i 
Pf Cee TT Leh 
, 10°2 Cece th 
0 25 50 70 100 125. = 155 1071 1 10 102 
Ambient Temperature (°C) Resistance (Megohms) 


PERFORMANCE CHARACTERISTICS 


VR25 VR37 VR68 


Thermal Shock (Max %AR) 
Moisture (Max %AR) 


Life 1000 hr @ Rated Power 
(Max %AR) 


Vibration 
Effect of Solder (Max %AR) 


Noise (Max.) 


Dielectric Strength (rms) Min. 
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NFR SERIES 


Fusible Metal Film Resistor 


5% Tolerance 
1/4, 1/3, and 1/2 Watt 
(70°C) Power Rating 


DESCRIPTION 


NFR Series Fusible Resistors are designed to meet 
the safety requirements in electronic applications 
where protection against overloads is required. 
Within the specified overload range the resistor 
will become an open circuit without the risk of 
fire. The circuit opens, in general, within 30 
seconds at 4 watts and 10 seconds at 6 watts 
for NFR25; and within 30 seconds at 9 watts 
and 10 seconds at 12 watts for NFR25H. See 
Figures 1, 2, and 3 for time to interruption as 
a function of overload. “Interruption” is defined 
as the resistance having increased at least 10 
times for NFR25 and at least 100 times for NFR25H 
resistors. 


DIMENSIONS 


0.255" —> 0.098" max. 


SPECIFICATIONS 


Philips 
Components 


Resistance 
Tolerance 
Style (Ohms) ——— (%) 


Resistance 
Range 


1<15R 
15R < 15K 


1R < 4.99R 
5R'< 15K 


NFR25 
9063F 


NFR25H 
9053F 


Figure Figure Multiplier Tolerance 
(Gold) 


Temperature 
Coefficient 
(PPM/°C) 


FEATURES 


= Fusing Characteristic 
# Small Quarter-Watt Body Size 


# Solvent Resistant 

= Flame Retardant Coating 

m@ Tape and Reel (5,000 Pieces) 

@ Thick violet color band—indicates fusible 


= Color Band Marking 
@ Final violet color band—indicates fusible 


Fusing 
Indicator 
(Violet) 


Maximum 
70°C Power Continuous 
Rating Working Voltage 
(Watts) (rms) 


1/4, 1/3 
1/4, 1/3 


1/2 
1/2 


Philips Components « Airport Road, P.O. Box 760, Mineral Wells, TX 76067 ¢ (817) 325-7871 * FAX: (817) 326-1052 501 


a 
® 
Re 
vy 


SISd 


S10} 


NFR SERIES 
Fusible Metal Film Resistor 


PERFORMANCE CHARACTERISTICS 


Time to Interruption as a function of overload. 


FIGURE 1. FIGURE 2. FIGURE 3. 


102 A —| 102 
fy : 
sec. OD, fs A OO nes 
1o( 1-1-1 wLLLg J 
/ : 


i tt OO > + + 
re tt YY >. 
TI-TR Sig hie oon nn ood TeGY 2S 
’ |_| | | Lit 1. | | QYYywyy | | | | 
Wl WUE a LT, 
ttt EEE ae a 7 
 YYyyyjwu-—_| |) RT in | 


——— 2) 
= a 


aa Co 


Se 7 mee Ss a Oe a “Hi | | 

sete a ee ett Loe 

0 2 4 6 8 0 1° 0 2 6 #6 8 0 12 
Povertoad (Watts) Povertoad(Watts) Poverioad(Watts) 

NFR25; R < 15 OHMS NFR25; 15 OHM< R. < 15 KOHMS 


NFR25H; 1 < R < 15 kKOHMS 


Since these resistors are used in applications where overloads can occur, it is not recommended to 
mount them against other components or in direct contact with printed circuit boards. 


s Effect of Solder 0.25%AR 0.25%AR 
- Load Stability (1000 hrs) 1.0%AR 0.25%AR 
yl Insulation Resistance 10*Mohm Min 104Mohm Min 
* Noise | <0.1 pV/V < 0.1 pV/V 
p: 


Thermal Shock 0.25%AR 0.25%AR 
Humidity 1.0%AR 1.0%AR 


Dielectric Strength 350V rms 350V rms 
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_SFR SERIES 


Zero Ohm Jumper Wire 


DESCRIPTION 
@ 20 Awg or 22 Awg Diameter Wire 


@ 30/70 or 40/60 Tin/Lead Plated Wire 


FEATURES 


= Compact Construction for .200" or greater 
centers 
m@ Resistance = .005 ohms maximum 


m@ Tape and Reel Package for Automatic Insertion 


@ Designed to Put the Maximum Performance 
into the Circuit at the Lowest Possible Cost 


@ Meets EIA Spec RS296D Class | Tape and Reel 


2062 =; OZ 


PART NUMBER DESCRIPTION (52.4 + 1.6) 
@ 20 gauge (.032") wire jumpers 
5000CXORO00S 1 2AAZ 
m@ 22 gauge (.025") wire jumpers os 
.200" 


9020CXORO00S1 2AAZ 


PACKAGE CONFIGURATION be 


All Philips Components SFR Jumper Wires are 
furnished in taped lead format in multiples of 
10,000 pcs to suit the requirements of automated | ~~ 
production. abe 


 Paexiy 


Tr 
SiSa 


i 
| ee | a: eee | a | | es SO 
S410} 


_ = 200’ == 016 
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SPR SO0O00Y SERIES 


Standard Precision Film Resistor 


Resistance Range 


1 ohm—250 megohm, .5 to 5% Tolerance 


5033Y 10 Watt @ 125°C 
3 Watt @ 70°C 

5053Y 14 Watt @ 125°C 
2 Watt @ 70°C 

5073Y '2 Watt @ 125°C 
1 Watt @ 70°C 


DESCRIPTION 

Philips Components offers a film resistor series 
more compact and with greater power handling 
Capacity. For example, the 5033Y is a mil spec 
1/10 watt size yet handles up to 1/3 watt (70°C 
rating). This combination allows reduction of 
inventory by a selection of the most convenient 
SOOOY values to reduce the number of wattage 
ratings carried. The size/power handling char- 
acteristic is also a distinct advantage in “down 
sized” boards. The 5000Y series is available in 
standard values between resistance range limits 
noted below. Operating temperatures up to 150°C 
are permissible. 


904 


DESIGN FEATURES 

@ Wide Resistance Range: 1 ohm to 250 megohm. 

@ Excellent Temperature and Time Stabilities, 
approaching those of wirewound resistors. 

= Low Voltage and Power Coefficients, approach- 
ing those of wirewound resistors of comparable 
Size. 

@ Low Noise. Johnson noise is lowest attainable, 
except in best wirewound designs. 

@ High initial accuracy and tracking. Tolerance 
of 1% is standard. 

m Very Low Reactance—low series L, low shunt 


C; reactance error is generally less than toler- 
ance up to 10MHz, for most resistance values. 
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SPR S5000Y SERIES 


Standard Precision Film Resistor 


DIMENSIONS 


Maximum Resistance Temperature Max. 
Power Range* | Coefficient Resistance Voltage Dimensions—see diagram 
(PPM/°C) Tolerance (volts) Inches (mm) 


Yio W@ 125°C =50 PPM +0.5% 
100-750K (100499k) 
¥3z W@ 70°C +100 PPM +1.0% 
10Q-2M +2.0% 
+150 PPM +5 0% 
1M-24M9 


Ya W@ 125°C +50 PPM 
| 100-2 M 

Ye W@ 70°C +100 PPM 
10-10 M 

+150 PPM 

2 M-250 M 


Ye W@ 125°C +50 PPM 
100-3M01 
1 W@ 70°C +100 PPM 025*** 
10-4M99 
(.63) 


#22 


“Within the resistance ranges shown, values indicated in the decade table of values, and their decade multiples, are available as standard. Other 


values are available on special order. 
**Clean-lead to clean-lead. *** 032" leads available on request. na 
> 
) 
<a 
PERFORMANCE CHARACTERISTICS 2 
r eee . | w 
| As a guide to the performance that can be a 
expected of SPRSOOOY resistors, the following ep 
be chart indicates typical results of tests performed S 
| E— in accordance with MIL-R-10509. w% 
Metal End 
SS Cap Welded 
Lead Max. % Change in Resistance 
| Ceramic MIL-R-10509 
Core | (Characteristics 
Film Test Requirements Average 
Temperature Cycling, —65° to +150°C 25% 05% 
Enon Low temperature operation, —65°C 25% 02% 
Fai te : Short time overload 25% 02% 
ee Terminal strength, 5 Ib. load .20% 02% 
eH | Pi Dielectric Withstanding Voltage 25% 01% 
B | | Resistance to soldering heat, 350°C 10% 01% 
Moisture resistance 50% 05% 
Life (1,000 hours) 50% 25% 
Shock, medium impact, 50G, 11 ms. 25% 01% 
Vibration, High frequency 10-2000 Hz 25% 01% 
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SPR 5000Y SERIES 


Standard Precision Film Resistor 


COMPARISON SPECIFICATIONS 


PHILIPS COMPONENTS 
STYLE SPR5000Y MIL-R-22684 MI 


Maximum Operating 150°C 
Temperature 125°C +150°C 


1000 Hour Load Life A R <1.0% <1.0% 
Moisture Resistance A R <0.5% <1.5% 
Short Time Overload A R <0.1% <0.5% 


MARKING 
Resistors are marked using color bands or alpha- 
numeric marking as specified by customer. 


PACKAGING 
Bulk (100 pieces per box) or Lead Tape and Reel 
per EIA RS-296D. 


LEAD MATERIAL 
Type C, MIL-STD-1276 (tin-lead plating over 
Oxygen-free high conductivity Copper) 


HOW TO SPECIFY 
SPR 5000Y Resistors can be completely specified using the following designation: 
50 5 3 Y D 
[ Style 
Fixed 
Resistor 
Axial Lead Temperature 
Coefficient 
3193 C= +50 
5-1/2 D = +100 
L = +150PPM 


Encapsulation 
3 = Conformal 


1K000 


Resistance Value 
R—ohm 
K—1,000 ohm 


L-R-10509 


+165°C 
<1.0% 
<1.5% 
<0.5% 


Resistance 
Tolerance 


M—1,000,000 ohms 


49R90 = 49.90 
499RO = 4990 
1KO000 = 1KOQ 
1MO000 = 1 megQ 
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DESCRIPTION 


Philips Components offers a film resistor designed 
for use in ultra precision applications previously 
requiring the finest wirewound resistors available. 
The 5000Z series of resistors is available with 
tolerances to .02% and temperature coefficients 
to +2 PPM/°C in package sizes much smaller than 
those of wirewounds. The 5000Z series is particu- 
larly well suited for uses in matched sets, with 
matches to +.01% and 2 PPM/°C tracking. Pro- 
prietary Philips Components processes make the 
5000Z one of the most stable film resistors currently 
available on the market. 


DIMENSIONS 


fee ee x 
= i ai 


UPR 5000Z SERIES 


_ Ultra Precision Resistor Tolerance To +0.01% 
Be Temperature Coefficients To *2 PPM/°C 


DESIGN V FEATURES 


= Temperature coefficients and tolerances 
approaching the lowest attainable using film 
techniques. 


m Excellent temperature and time stabilities, 
approaching those of wirewound resistors. 


= Low voltage and power coefficients, approach- 
ing those of wirewound resistors of comparable 
size. 


= Low noise. Johnson noise is close to lowest 
attainable, except in best wirewound designs. 


@ High initial accuracy and tracking. Tolerance 
matches of .01% and TC tracks of 2 PPM/°C 
are available. 

@ Very low reactance—low series L, low shunt C: 
reactance error is generally less than tolerance 
up to 10MHz, for most resistance values. 


= Temperature Range: —20°C to +85°C. 


SPECIFICATIONS AND NOMENCLATURE-—50002Z SERIES 


Maximum 


Philips Power Resistance | Temperature 
Series Rating Range* Coefficient*** | Resistance 
(85°C) (ohms) (PPM/°C) Tolerance 


(1000-301K) | +.025% 
+5 PPM =.05 % 
+15 PPM +25 % 
+20 PPM +.50. % 


50332 1/4 WATT | 51.10 to 511K 
5063Z 1/3 WATT } 51.10 to 511K 


+25 PPM +1.00% 


Dimensions—See Diagram 
Inches (mm) 


Max 
Voltage 


200V .150+.020 | .070+.010 200 1.5 0.16 (#26) 
(3.81£0.51) | (1.79=0.23) (5.08) (38.1) | (.41) 
250V .261+.020 } .093+.005 } .300 max 1.5 0.25 (#22) 
(6.63+0.51) | (2.36+.13) | (7.26 max.) | (38.1) | (.63) 
300V .396+.020 | .152+.009 | .430 max 1.5 0.25 (#22) 
(10.14.51) | (3.86+.23) | (10.9 max.) | (38.1) | (-63) 
300V .390+.020 | .152+.009 | .430 max 1.5 0.32 (#20) 
(9.91+5.1) | (3.86+.23) (10.9) (38.1) | (81) 


*Within the resistance ranges shown, values indicated in the decade table of values and their decade multiples, are available as standard. Other 


values are available on special order. 
**Clean-lead to clean-lead. 


***Tem perature coefficient is measured over the temperature range of —20°C to +85°C for all TC’s except 2 PPM. 2 PPM is measured at 0°C to +60°C. 
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UPR 50002 SERIES 


Ultra Precision Resistor 


PERFORMANCE COMPARISONS TO MIL SPEC TEST GROUPS 


Standard Tolerance Range 


Test Group Il 
Temperature Cycling 


Low Temperature Operation 


Short time Overload 
Terminal Strength 


Test Group Ill 


Dielectric withstand voltage 


(a) Atmospheric Pressure 
(6b) Barometric Pressure 
Insulation resistances 
Effect of Soldering 
Moisture resistance 


Test Group IV 
Temperature Coefficient 
Life Test 


Test Group V 
~ Shock 
Vibration, High Frequency 


Non Military Tests 
Voltage Coefficient 
Thermal EMF 


Wirewound 
Specification 
MIL-R-93D 


Metal Film 
Specification 
MIL-R-55182 


Philips Components 
5000Z Series 


+.005% to +1% +.1% to +1% +,02% to +1% 


Specified Max. AR 
20% 
25% 
.10% 
05% 


Specified Max. AR 


05% 
05% 
N/A 
N/A 
25% 


Specified Max. AR 


20PPM/°C to 9OPPM/°C 


50% (125°C) 


Specified Max. AR 
.10% 
10% 


Specified Max. AR 
20% 
.15% 
N/A 
20% 


Specified Max. AR 


.15% 
15% 
>10,000 Mego 
10% 
40% 


Specified Max. AR 
25PPM/°C to 100PPM/°C 
50% (125°C) 


Specified Max. AR 
20% 
20% 


Max. AR 


01% 
01% 
>10,000 MegQ 
01% 
04% 


Max. AR 
2PPM/°C to 25PPM/°C 
02% (85°C) 


<.1 PPM/V 
<2 uV/°C 


MARKING PACKAGING 
*Standard marking is Alpha-Numeric Bulk (100 pieces per box) or Lead Tape and Reel 
Tl 
~ Example: per EIA RS-296D 
“ 5023Z 
: vate LEAD MATERIAL 
© _pecial marking is available per customer — Type C, MIL-STD-1276 (tin-lead plating over 
a = requirement Oxygen-free high conductivity Copper) 
= | 
: HOW TO SPECIFY 
UPR 5000Z Series Resistors can be completely specified using the following designation. 
+. 2 3 Zz B 1K000 A 
Lf f t 
Resistor Wattage Style Tolerance 
Axial Lead 1920 Temperature T= = .01% 
2 = pills ie : = ayer 
=1/ Encapsulation i She 
6 = 1/ = A = +5 PPM (T16 Resistance Value A= +0.05% 
3 = Conformal B= +10 oon 13) R—ohm B= +0.10% 
F = +15 PPM (710) K—1,000 ohm C = +0.25% 
G = +20 PPM (T14) M—1,000,000 ohm D = +0.5% 
E = +25 PPM (19) 49R90 = 49.90 F = +1.00% 
499RO = 4990, 
1K000 = 1KO 
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PPRSOOO 


Precision Power Film Resistor Metal Film 


.05% to 1% Tolerances 
1,2, 3 and 5 Watt 
(25°C) Power Rating 


DESCRIPTION 


The PPR5000 series is a precision power film 
that achieves the inherently low inductance and 
reliability of metal film resistors and the stability 
and power handling capability of wirewound 
resistors. 


DIMENSIONS 
B 


FEATURES 


@ Low Inductance 
~m@ Excellent Stability 

# Small Size 

@ Tight Tolerances 

m@ Low I[C’s 


Series Resistance Temperature Resistance 
Range Coefficient Tolerance 
(ohms) (PPM/°C) (%) 
5073P 


(1) Values below 10 ohms will have a TC of = 50 PPM. 


(2) .05% and .1% are available 100 ohms and higher only. Also available in 2% and 5% over the entire range. 


$103SISEY Paxis 
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PPRSOOO 


Precision Power Film Resistor 


PERFORMANCE SPECIFICATIONS 


Max. % Delta R 


Thermal Shock 3 2% 
Terminal Strength 1% 
Dielectric Withstanding Voltage 

Atmospheric 1% 

Barometric 1% 
S.T.O.L. 2% 
Moisture Resistance (Load) 5% 
Life (1000 hr @ rated power) 5% 
Vibration 1% 
Effect of Solder 1% 
Shock 1% 
MARKING 
*Standard Marking is Aloha/Numeric 
Example: 1% 

T9 


*Special Marking is available per customer 
requirements. 


PACKAGING 


Bulk (100 pieces per box for 5073P and 5083P 
90 pieces per box for 5093P and 50A3P) 


Tape & Reel per EIA-STD-RS296D. 


LEAD MATERIAL 
Type C, Mil-Std-1276 


a 
g 
ys» HOWTO SPECIFY 
4 PPR5000 Series Resistors can be com pletely specified using the 
ee following designation: 
w 
S 
at E 10KO B 
} es eee | 
Resistance 
Fixed Wattage — Encapsulation Value 
Film 7=1 3 = Conformal R = Ohm 
Resistor 8=2 hic K = 1,000 Ohms 
" = 2 49R90 = 49.9 Ohms 


100KO = 100 K Ohms 


Temperature Coefficient Tolerance 
(PPM/°C) A= +.05% 
G = +20 ppm = T14 B= +.1% 
E = +25 ppm = T9 C= +.25% 
C = +50 ppm = T2 D = +5% 
D = +100 ppm = TO F=+1% 
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CUSTOM MATCHED SETS 


RN SERIES 


DESCRIPTION 


For applications not requiring the ultra precision 
& stability of the UPR 5000Z series, the RN series 
of custom matched sets provide a very economi- 
cal alternative. The RN series, with broad selec- 
tions of tolerances, temperature coefficient char- 
acteristics, resistance values, and power ratings, 
is available in matched sets with resistance ratio 
tolerances to .1% and temperature coefficient 
matches to 10PPM/C°. 


PACKAGING 


Coin Envelope, stamped with ‘‘Matched Set-Do 
Not Separate” and customer part number. 


Resistance Ratio Match to .10%, Temperature 
| Coefficient Match to 10 PPM/C° 


£0.1%, 0.25%, 0.5%, and 1% Tolerance 
Characteristics C (50PPM), and E (+25PPM) 
1/20, 1/10, 1/8, 1/4, 1/2 Watt (125°C) 

1/10, 1/8, 1/4, 1/2, Watt (70°) 


DESIGN FEATURES 


w Excellent Initial Accuracy and Long-Term Sta- 
bilities, approaching wirewound resistor per- 
formance. 


@ Lowest Voltage and Power Coefficients ever 
attained in a metal-film resistor. 


# Low Temperature Coefficients. Characteristic 
E equals the performance of conventional wire- 
wound designs. 

m@ Excellent Matching and Tracking. Tolerance 
of 0.1%, 0.25%, 0.5%, 1%, and TC tracks of 
10PPM, 25PPM and 50PPM/°C are available. 


m@ Very Low Reactance-low series L, low shunt C; 
reactance error is generally less than tolerance 
up to 10 MHz, for most resistance values. 


MATCHED SET REQUIREMENTS ARE UNIQUE TO THE CUSTOMER SPECIFICATION 
APPLICATION ENGINEERING ASSISTANCE IS AVAILABLE BY CALLING OR WRITING THE FACTORY 


SPECIFICATIONS AND NOMENCLATURE 


Power Rating (Watts) 


MIL-R-10509 Philips 
| Components 


125°C 70°C 70°C 


Resistance 
Range 
(ohms) 


Philips 


Temperature 
Coefficient 


+25PPM eee es 
5023R 1/20 1/10 1/8 30.10 to 301K] eee +0.1% to +1.0% 
+25PPM SAA a 
5033R INO: 48 1/4 49.90 to 750K| een +0.1% to +1.0% 
 5043R 1/8 1/4 1/2 30.10 to 1M ~25PPM +0.1% to +1.0% 
30.10 to 2M +50PPM 
| | 49.90 to 4M +50PPM 
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RN Matched Set 
Configurations 


*Resistance *Temperature 
Ratio Match Coefficient Track 


Resistance 
Tolerance 


(PPM/°C) 


10% 
25% 
50% 

1.00% 


*Most common configurations 
other combinations available 


911 


 Paxig 


SISd9 


S10} 


UPR SERIES 
CUSTOM MATCHED SETS 


Resistance Ratio Match to .02%, Temperature 
Coefficient Match to 2 PPM/C° 


SCRIPTION DESIGN FEATURES 


Philips Components offers the superior stability # Temperature Coefficients and Tolerances 
of the 5000Z series in custom factory matched @PProaching the lowest attainable in resistor 
sets to achieve maximum precision of resistance technology. 
ratio at minimum cost. The 5000Z sets are avail- m Excellent Temperature and Time Stabilities, 
able it saga bad eee of +.02%, equivalent to the best competitive devices. 
resistance ratio matches to .02% and tempera- ici 
ture coefficient tracking to 2PPM/°C. The odin: 7 per ake Dae oh arc a gee 
bination of rapid response time, stability, low ae 
noise, precision and low cost make these sets the # Lownoise. Johnson noise is unmeasurable with 
outstanding value for precision analog circuitry.  ©xisting techniques. 

: @ High Initial Accuracy and Tracking. Tolerance 
PACKAGING matches of .02% and TC tracks of 2PPM/C° 

are available. 

m@ Very Low Reactance—low series L, low shunt 


C: Reactance error is generally less than tol- 
erance up to 10MHz, for most resistance values. 


Coin Envelope, stamped with “Matched Set-Do 
Not Separate” and customer part number. 


MATCHED SET REQUIREMENTS ARE UNIQUE TO THE CUSTOMER SPECIFICATION 
APPLICATION ENGINEERING ASSISTANCE IS AVAILABLE BY CALLING OR WRITING THE FACTORY 


SPECIFICATIONS AND NOMENCLATURE-5000Z MATCHED SETS 


Maximum 5000Z Matched Set 


Philips Power Resistance Temperature Configuration 
Components Rating Range Coefficient Resistance *Resistance *Temperature 
Style (85°C) (ohms) (PPM/°C) Tolerance Ratio Match Coefficient Track 
1/20 WATT 51.10 to +2PPM 
(1000-301K) 


I+ 


0.02% 


1/8 WATT 911KO 

1/4. WATT = -5PPM 

1/3. WATT +10PPM 
+15PPM 
+20PPM 
+25PPM 


0.05% 
0.10% 


*Most common configurations 
other combinations available 


ae cee coe ee cue 
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MIL STYLE RL 


Standard Military Resistors 
Conformal-Coated (MIL-R-22684) 


2% and 5% Tolerance 100 PPM Temperature Coefficient 
1/4 and 1/2 Watt (70°C) 


DESCRIPTION DESIGN FEATURES 


This RL Series comprises MIL-R-22684 resistors m™ Lowest Voltage and Power Coefficients ever 
of moderate accuracy and good stability, andis | achieved in metal-film resistors. 

particularly suited to replacement of RL-type Excellent Temperature/Time Stability—signifi- 
metal-glaze or tin-oxide resistors where higher cantly better than that achieved by other film 
Stability, lower noise, and better voltage/power resistors in the RL class 

coefficients are required in the same or smaller ead 
space. Over a very broad frequency spectrum, ™ LOw Noise—Johnson noise is lowest attainable, 
these resistors exhibit negligible reactance, and | ©XCept in best wirewound designs. 

are entirely suitable for fast-pulse circuitry. m@ Very Low Reactance—Low Series L, low shunt 
C; reactance error is generally less than tol- 
erance up to 10 MHz, for most resistance values. 


eee 


= eS id 


——— D-—-— 


SPECIFICATIONS & NOMENCLATURE-RL (5000T) SERIES 


rag (mm) 
Resistance Temperature Max. 
mit | Philips Range* | Coefficient | Resistance me ae 
Type Style (ohms) (PPM/°C) Tolerance on eas 
+90/ .261+.020 | .093+. i Lee Max.}| 1.5 se 
RLO7 - 5043T 1/4 W 510 to 150K +100PPM 45% 250V_ | (6.63+0.51) | (2.36+0.13) (7.62) (38.1) 
roe 
1 +9% .390+.020 | .152+.009 | .480 Max.} 1.5 .032 
|| RL20 5053T 1/2W | 430to 470K +100PPM +5% 350V_ | (9.91+0.51)]} (3.86+.23) (10.92) | (38.1) (.81) 
(#20) 


| -*Within the resistance ranges shown, values indicated in the decade table of values and their decade multiples, are available as standard. Other 
values are available on special order. 
' **Clean-lead to clean-lead. 


} 
} 
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MIL STYLE RL 


Standard Military Resistors Conformal-Coated (MIL-R-22684) 


PERFORMANCE CHARACTERISTICS DERATING CURVE 


As a guide to the performance that can be 120 
expected of RL Series resistors, the following eT TT Te TE ET ET TT Ty 
lee | | | | | 


chart indicates typical results of tests performed — 4, 
in accordance with MIL-R-22684. 


Max. % Change in Resistance 


Percent Of Rated Wattage 


M/C 

MIL-R-22684 RL 

Requirements Average 
ie ic Ri i gate 
Temperature Cycling, —55° to +85°C 1% 05% 20 ae 
Low temperature operation, —65°C 5% 03% 
Short time overload 5% 05% 
Terminal strength, 5 Ib. load 5% 02% 0 et {tt tl 
Dielectric withstanding Voltage 9% 02% 
Resistance to soldering heat, 350°C 5% 08% ov oC me ree 0 a We 
Moisture resistance 1.5% 20% Ambient Temperature - °C 
Life (1,000 hours) 2% 15% 
Shock (Specified pulse 100G, 6 ms) 5% 03% 


Vibration, High frequency 10-2000 Hz 5% 03% HOW TO SPECIFY 


MIL STYLE RL Resistors can be completely specified 
using the following designation. 


RL 20 Ss XXX G 


MARKING 


RL Series resistors are marked using 5 color Terminal-Solderable 
bands per MIL-R-22684. 


Resistance Value 
MIL Power Rating 
07 = 1/4W 


20 = 1/2W Tolerance 
=— 90 
PACKAGING MIL Designation = Sp 


MIL-R-22684 Resist 
Bulk (100 pieces per box) or Lead Tape and Reel esistor 


per EIA RS-296D. 


LEAD MATERIAL 


Type C, MIL-STD-1276 (tin-lead plating over 
Oxygen-free high conductivity Copper). 


typical capacitance values 


Style 5043T 5053T 
C (pF) =25% 0.18 0.21 
thi iy eg 
Voltage Coefficient 
(PPM/Volt) +25% | 5 3 
Power Coefficient 
(°C/Watt) +10% 130 150 
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MIL STYLE RN 


Standard Military Resistors 
Conformal-Coated (MIL-R-10509 Qualified) 


+0.1%, 0.25%, 0.5%, and 1% Tolerance Characteristics 
E (+25PPM), C +50PPM, and D (=100PPM) 


DESCRIPTION | DESIGN FEATUR 


This Series encompasses an unusually broad mExcellent Initial Accuracy and Long-Term 
selection of tolerances, temperature character- — Stabilities, approaching wirewound resistor 
istics, and power a ‘A all their og eter performance. 
with full MIL-R-10509 performance. Typically the Pos 
MIL requirements are exceeded to a substantial ™ owes Peas an owe ee ever 
degree. These resistors feature the low noise, @Hd@lned In a metal-tiim resistor. 
high stability and wide operating frequency range _™ Low Temperature Coefficients. Characteristic 
characterizing the Philips Components metal- | E equals the performance of conventional wire- 
film design, in minimum size for their power | wound designs. 
ratings. = Excellent Matching and Tracking. Tolerances 
of 0.1%, 0.25%, 0.5% and 1% are standard. 
| Ratio sets track closely over wide temperature 
ranges, long term. 
m@ Very Low Reactance—low series L, low shunt C; 
reactance error is generally less than tolerance 
up to 10MHz, for most resistance values. 
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MIL STYLE RN 


Standard Military Resistors Conformal-Coated (MIL-R-10509) 


DIMENSIONS 


SPECIFICATIONS & NOMENCLATURE-RN ( 5000R/M) SERIES 


Power Ratings (Watts) Qualified | Philips 
Max 
Voltage 


Dimensions—See Diagram 
inches (mm) 


200 .150+.020 | .070+.010 | 200 1507: 
(5.08) | (38.1) 
200 .261+.020 | .093+.005 | .300 15: 44 
E (6.63 (2.36 (7.62) | (38.1) } (. 
6G +0.51) +0.13) 
250 
D 
250 .303+.020 | .104+.010 | .350 15 |. 
E (7.70 (2.64 (8.89) | (38.1) 
C +050) +0.25) 
300 
D 
430 1 4 
(10.92) | (38.1) 
650 1.5 ]. 
(16.51) | (38.1) 
*MIL-R-10509 does not include a RN5O, for 100PPM Temperature Coefficient. 
**Clean-lead to clean-lead. 


TWithin the resistance ranges shown, values indicated in the decade table ot values and their decade multiples, are available as standard. Other 
values are available on special order. 


MIL 


(QPL) Philips | Commercial | MIL-R-10509 


Type Style 70°C 12 
30.10-100K} 100750K | C = +50PPM 


RNSO 5023R 1/8 1/20 
1/10 “ 100-750K {D = + 
RNSS = 5033R 1/4 1/10 49.90-100K} 100-1M 20PPM 
49.90-100K} 100-2M | C = +50PPM 


RN60 5043M 1/2 1/8 49.90-499K | 30.10-1M | E = +25PPM 
49.90-499K} 30.10-1M | © = +50PPM 
1/4} 10Q-1M 100-2M }D=+ 


RN60 5043R 1/2 1/8 49.90-499K | 30.10-1M | E = +25PPM 
49.90-499K | 30.10-2M | C = +50PPM 
1/4} 100-1M 10-2M . |D = =100PPM 


49.90-1M | 49.90-2M | E = +25PPM 
49.90-1M | 49.90-4M | C = +50PPM 


100-2M D = +100PPM 


Resistance 
Tolerance 


oi 

° 
3 
= 
i—] 

ie) 
o 


30.10-100K} 100750K | E = +25PPM 


| 
II 
i 

= 
S 
a 
=) 
= 


| | 
a = 
= = 
S S 
3 3 
= = 


250 390+.020 | .152+.009 
E (9.91 (3.86 
c +0.51) +0.23) 


.620+.020 
(1575 
0.51) 


167+.010 
(4.24 
+0.26) 


+0.25% 
+0.5% 
+1.0% 


1/2 
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~ Terminal strength, 5 Ib. load 


MIL STYLE RN 


Standard Military Resistors Conformal-Coated (MIL-R-10509) 


PERFORMANCE CHARACTERISTICS 


As aguide to the performance that can be expected 
of RN Series resistors, the following chart indi- 
cates typical results of tests performed in accord- 
ance with MIL-R-10509. 


Max. % Change in Resistance 


MIL-R-10509 Philips 


Test 

RN—Series 

Requirements Average 
05% 
02% 
02% 
02% 
01% 
.01% 
05% 
10% 
.01% 
.01% 


Temperature Cycling, —65 to +150°C 
Low temperature operation, —65°C* 
Short time overload 


Dielectric withstanding Voltage 
Resistance to soldering heat, 350°C 
Moisture resistance 

Life (1,000 hours) 

Shock, medium impact, 50G, 11 ms. 
Vibration, High frequency 10-2000 Hz 


MARKING 


Standard military RN Series resistors are marked 
with the MIL style, characteristic, resistance, and 
tolerance, as specified in MIL-R-10509. (See JAN 
Marking) 


PACKAGING 


Bulk (100 pieces per box) or Lead Tape and Reel 
per EIA RS-296D. 


LEAD MATERIAL 


Type C, MIL-STD-1276 (tin-lead plating over 
Oxygen-free high conductivity Copper). 


typical capacitance values. 


Philips Style 5023R 5033R 5043M 5043 5053R 
C (pF) +25% 0.18 0.18 0.19 0.21 O33 
Voltage Coefficient 
(PPM/Volt) +25% 6 tS) 4 3 2 
Power Coefficient 
(°C/Watt) +10% 220 130 120 93 75 


MIL-R-10509 
“J”? OR “JAN” MARKING 


The Defense Electronics Supply Center (D.E.S.C.) 
has stated that all MIL-R-10509 qualified products, 
manufactured after January 4, 1982 must be 
marked with the “J” or “JAN” marking to prevent 
the sale of non-qualified product as qualified 
product. | 
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(Characteristics | Components 
C &E) 


MIL-R-10509 Resistor 


DERATING CURVE 


OT lek) LD EERE 
fell e ee apes 
TT ING ENE fee 
INE ee 
PN eae 


Percent Of Rated Wattage 
ro) 
ro) 


130 150 190 


170 


O 
30 50 70 90 110. 


Ambient Temperature-°C 


HOW TO SPECIFY 
MIL STYLE RN Resistors can be completely specified 
using the following designation: 


RN 60 D XXXX F 


r 


2 ae a a 
Temperature Coefficient 
E = +25 PPM/°C 
C = +50 PPM/°C 


_ 6 Tolerance 
D = +100 PPM/°C B +0.1% 
MIL Power Rating C +0.25% 
125°C 70°C D +0.5% 
50=1/20W. 1/10W F +1% 


99 =1/10W 1/8W 
60=1/8W 1/4W 
65=1/4W 1/2W 


MIL Designation Resistance Value 


XXRX<100 
XXXX= 100 


*Power Rating is Dependent on. Temperature Coefficient. See Specifica- 
tions And Nomenclature. 


MIL-R-10509 has limited resistance ranges (com- 
pared to MIL-R-55182. Philips Components policy 
is to supply products qualified to MIL-R-10509 
with the JAN marking. Resistance values above 
or below those specified in MIL-R-10509, where 
Philips Components testing demonstrates the 
capability of meeting the performance require- 
ment of MIL-R-10509, will be marked in accord- 
ance with MIL-R-10509 but without the JAN 
marking. 
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MIL STYLE RLR 


Established Reliability Resistors 


Conformal-Coated (MIL-R 


-39017) 


+2%, 1% Tolerance +100PPM Temperature Coefficient | 


1/8, 1/4 and 1/2 Watt (70°C) 
Failure Rate “S” (0.001% per 1000 Hours) 


DESCRIPTION 


The RLR Series provide the highest attainable 
margins of reliability in this class of resistors— 
performance substantially better than that required 
by MIL-R-39017 (RLR). This design offers mod- 
erate accuracy and good stability, and is particu- 
larly suited to replacement of carbon-film, carbon- 
composition, or even conventional metal-film 
resistors, where the ultimate in reliability, as well 
as higher stability, lower noise, and low voltage/ 
power coefficients are required, in the same or 
smaller space. Over a very broad frequency 
spectrum, these resistors exhibit negligible reac- 
tance, and are entirely suitable to fast-pulse cir- 
Cuitry. Philips Components’ established-reliability 
program, which operates in full conformance with 
MIL-STD-790, attains unprecedented reliability 
levels for RLR Series resistors. 


DIMENSIONS 


SS! 


__ ~E== Tee 


DESIGN FEATURES 


= Lowest Voltage and Power Coefficients ever 
attained in a metal-film resistor. 


@ Low Noise. Johnson noise is lowest attainable, 
except in best wirewound designs. 


m Wide Resistance Range: 4.3 Ohms to 1.33 
Megohms. 


@ Excellent Immunity to Environmental Stress. 
Highest reliability in this class. 


m Very Low Reactance—low series L, low shunt 
C; reactance error is generally less than tol- 
erance up to 10MHz, for most resistance values. 


SPECIFICATIONS & NOMENCLATURE-—RLR (5000U) SERIES 


MIL 
Power 
Rating 
(70°C) 


*Qualified 
(QPL) 
Resistance 
Range (ohms) 


MIL 


(QPL) 
Type | 


RLROS 


Philips 
Components 
Style 


Temperature 
Coefficient 
(PPM/°C) 


9033U +100 PPM 


100 to 750K 


+1% 


+2% 


RLRO7 


100 to 1.33M +100 PPM 


+1% 
+2Y% 


RLR20 4.30 to 1M +100 PPM 


+1% 
+2% 


“Within resistance ranges shown, values indicated in the decade table of values and their decade multiples 


values are available on special order. 
**Clean-lead to clean-lead. 
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Resistance 
Tolerance 


Life-Failure 
Rate 
(Per 

1000 hrs.) 


Voltage 
(Volts) 


Dimensions—see diagram 
Inches (mm) 


300 1:9 
(7.62) | (38.1) 
430 ho 
(10.92) | (38.1) 

ro 


, are available as standard. Other 


S = 0.001% 
R = 0.01% 
P =0.1% 
M = 1.0% 


S = 0.001% 
R = 0.01% 
P =0.1% 
M = 1.0% 


re 


i 


S = 0.001% 
R = 0.01% 
P =0.1% 
M = 1.0% 
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MIL STYLE RLR 


_ Established Reliability Resistors Conformal-Coated (MIL-R-39017) | 


PERFORMANCE CHARACTERISTICS DERATING CURVE 


As a guide to the performance that can be 120 


expected of RLR Series resistors, the following CTT TTT ttt tt 
chart indicates typical results of tests performed 100 BER RERERRERE 
in accordance with MIL-R-39017. - ° Py INE TT EE Ed 
(4) 
Max. % Change in Resistance s 80 Co 
Test MIL-R-39017 RLRSeries 3 x 

Requirements Average © 60 | {| | | AY 
Power conditioning 150% max W. 5% 10% © 
Thermal shock, sso isc, = (thw CE gt TT TT TUTTI ETT TTT 
Low temperature operation, —55°C 25% 03% O - 
Short time overload 5 % 05% PQ 
Terminal strength, 5 Ib. load 25% 02% 20 
Dielectric Withstanding Voltage 20% 02% 
Resistance to soldering heat, 350°C 20% 02% ee 
Moisture resistance 1% 20% 
Life (2,000 hours) 2% 15% : 
Shock, medium impact, 50G, 11ms. 5% 03% 30 50 70 90 110 130 150 170 
Vibration, High frequency 10-2000Hz 5% 03% Ambi , ae 
High tem. exposure 150°C/2000 hrs. 2% 15% nate UGMpelstgke 


RLR Series resistors are marked with the type #IQW TO SPECIFY 

designation, JAN marking, date code, source MIL STYLE RLR Resistors can be completely specified using 
code, and manufacturer’s production lot Code, the following designation: 

as specified by MIL-R-39017. | 


RLR 20 Cc XXXX G S | 
PACKAGING Resistance Value 
XXRX <100 
Bulk (100 pieces per box) or Lead Tape and Reel XXXX = 100 
per EIA RS-296D. Custom packaging available Terminal 
per customer requirements. Solderable/Weldable —‘Tolerance 
Type C F=1% Ti 
| : G = 2% wae 
MIL Power Rating bad 
LEAD MATERIAL 05 = 1/8W — ® 
| | 07 = 1/4W Life FailureRate 
Fe ere ees aN OF a tate a= Se & 
xygen-ir | P =0.1%/1000 HRS 
MIL-R-39017 Resistor M= 09/1000 HRS % 


typical capacitance values 
Philips Style 5033U. 5043U 5053U 


S403S: 


a 
C (pF) +25% 0.18 0.15 0.21 
a 


Voltage Coefficient 
(PPM/Volt) =25% : 6 5 3 


Power Coefficient 
(°C/Watt) =10% 220 130 150 


MIL-R-39017 PLUS 


Additional screening (100 hour burn-in, thermal 

shock, X-ray, and serialization or other custom 

marking) is available per customer specifications. 

NOTE: Only resistors made to the exact speci- 
fications of MIL-R-39017 may be JAN 
marked. 
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MIL STYLE RNC 


Established Reliability Resistors Conformal | 
Coated (MIL-R-55182) —s_ & 


+0.1%, 0.5%, and 1% Tolerances | 
Characteristics J (H25PPM), H (£50PPM), K (+100PPM) 
1/20, 1/10, 1/8, and 1/4 Watt (125°C) 

1/10, 1/8, 1/4 and 1/2 W (70°C) 

Failure Rate—“S” (0.001% Per 1000 Hours) 


DESCRIPTION 


These resistors provide substantial margins of 
reliability above and beyond those implicit in the 
Stringent requirements of MIL-R-55182, and a 
wide choice of power ratings, tolerances, tem- 
oe coefficients, a onal Neen 
ilips Components’ established-reliability pro- 
gram—the most experienced and respected in DESIGN FEATURES 
the industry—ensures unprecedented freedom geycellent Initial Accuracy and Long-Term 


from failure or performance anomaly. These Stabilities, approaching wirewound resistor 
resistors are manufactured by procedures that performance. 


are in full conformance with MIL-STD-790. They —_ 

feature the low noise, high stability, and wide ™ Lowest Voltage and Power Coefficients ever 
operating frequency range that characterize  tlained in a metal-film resistor. 

Philips Components’ metal-film designs, in mini- ™ Low Temperature Coefficients. Characteristic 


mum size for their power ratings. J equals the performance of conventional wire- 
DIMENSIONS wound designs. 
1 i # Low Noise. Johnson noise is lowest attainable, 
so | “+: except in best wirewound designs. 
t t= 2 @ Excellent Immunity to Environmental Stress. 
5 C D Highest reliability in this class. 


SPECIFICATIONS & NOMENCLATURE—RNC ( 5000V) SERIES 


MIL Power (QPL) Temperature Rate Max Inches (mm) 
5 Rating Resistance Coefficient | Resistance (Per Voltage 
125°C 70°C | Range (ohms) (PPM/°C) Tolerance 1000 hrs) (Volts) 


J = +25PPM 
H = +50PPM 
K = +100PPM 


+0.1% 
+0.5% 
+1.0% 


200VDC 
200VDC 


RNC50 5013V 1/20W 1/10W 100 
to 750K 
RNC55 5023V 1/10W 1/8W 100 
to 1M 
RNC60 5033V 1/8W  1/4W 24.90 250VDC 
to 3.01M 
RNC65 5043V 1/4W 1/2W 30.10 300VDC 
to 3.01M 


“Within the resistance ranges shown, values indicated in the decade table or value and their decade multiples are available as standard. Other 
values are available on special order. **Clean-lead to clean-lead. 
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+0.1% 
+0.5% 
+1.0% 


+0.1% 
+0.5% 
+1.0% 


+0.1% 
+0.5% 
+1,0% 


MIL STYLE RNC 


Established Reliability Resistors Conformal-Coated (MIL-R-55182) 


PERFORMANCE CHARACTERISTICS 


As a guide to the performance that can be 
expected of the RNC Series resistors, the follow- 
ing chart indicates typical results of tests per- 
formed in accordance with MIL-R-55182. 


Max. % Change in Resistance 


MIL-R-55182 RNC Series 
Requirements Average 


Thermal Shock & Overload, 
=65°C to =150°C 
Low temperature operation, —65°C 
Terminal strength 
Dielectric Withstanding Voltage 
Resistance to soldering heat, 350°C 
Moisture resistance 
Life 2,000 hours 
10,000 hours 
Shock, (specified pulse) 
Vibration, High frequency 10-2000Hz, 
20G 
High Temp. Exposure 175°C, 2000 hours 


MARKING 


Established-Reliability Series resistors are marked 
with the MIL type designation, JAN marking, date 
code, source code, and manufacturer’s produc- 
tion lot code, in compliance with MIL-R-55182. 


2% 
15% 
2% 
15% 
1% 
4% 
5% 
2.0% 
2% 


02% 
05% 
02% 
02% 
05% 
.20% 
10% 
25% 
02% 


2% 
5% 


02% 
35% 


PACKAGING 


Bulk (100 pieces per box) or Lead Tape and Reel 
per EIA RS-296D. Custom packaging available 
per customer requirements. 


LEAD MATERIAL 
Type C, MIL-STD-1276 (tin-lead plating over 
Oxygen-free high conductivity Copper). 


typical capacitance values. 


ave Tso [ew [a [a 
| 2 


Voltage Coefficient 
(PPM/Volt) +25% 


Power Coefficient 
(°C/Watt =10% 
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RNC = Solderable/Weldable (Type C)* 
RNR = Solderable 


DERATING CURVE 
vol | LETTE TT PT tT tT tT yy 


PERCENT OF RATED WATTAGE 


150 
AMBIENT TEMPERATURE - °C 


30 50 70 90 110 130 


HOW TO SPECIFY 


MIL STYLE RNC Resistors can be completely specified 
using the following designation: 


RNC 50 H XXXX F S 


Resistance Value 
XXRX <100 
XXXX => 100 


Temperature Coefficient 
J +25PPM/°C 
H +50PPM/°C 
: +100PPM/°C 


Power Rating 
125°C 70°C 
50=1/20W 1/10W 


55=1/10W 1/8W Tolerance 
60=1/8W 1/4W : ae : 
65=1/4W  1/2W ara hi 


Lead Configuration 


Life Failure Rate 
0.001%/1000 HRS 
0.01%/1000 HRS 
0.1%/1000 HRS 
1%/1000 HRS 


*MIL STD 1276 


MIL-R-PLUS 


Additional screening (100 hour burn-in, X-ray, 

and serialization or other custom marking) is 

available per customer specifications. 

NOTE: Only resistors made to the exact speci- 
fications of MIL-R may be JAN marked. 
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RNR/RNN MIL STYLE 


Established Reliability Resistors 
Hermetic Seal (MIL-R-55182) 


+0.1%, 0.5% and 1% Tolerance : 7 
Characteristics E (+25PPM) and C(+50PPM) : 
Yio, Ya, Ya Watt (125°C) 

Vg, Ya, Y2 Watt (70°C) 

Failure Rate “S” (0.001% Per 1000 Hours) 


DESCRIPTION DESIGN FEATURES 


These hermetically sealed, inert-gas-filled pre- ™ Excellent Immunity to Environmental Stress. 

mium resistors are the most reliable, most uniform, | Highest reliability in a metal-film resistor. Glass 

most stable metal-film devices ever produced in enclosure eliminates both moisture erosion 

conformance with MIL-R-55182. For the most and outgassing. 

demanding applicationsin aerospace andweap- Excellent Temperature and Time Stabilities, 

onry systems, under the most hostile environ- approaching those of wirewound resistors. 

ments, the performance of Series RNR/RNN oe 

% ‘resistors have been proven superior to that of ® Low Noise. Johnson noise is lowest attainable, 
any other design in this class. These resistors  ©&XCept in best wirewound designs. 

=, exhibit the same low noise, high stability, and ™ Very Low Reactance—low series L, low shunt C: 

wide operating frequency range that distinguish reactance erroris generally less than tolerance 

S the Philips Components metal-film design, in up to 10MHz, for most resistance values. 

g@ ‘remarkably small sizes, considering the protec- » Low Voltage and Power Coefficients, approach- 


tion afforded by hermetic sealing. ing those of wirewound resistors of comparable 
size. 
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MIL STYLE RNA/RNN 


Established Reliability Resistors (MIL-R-55182) Hermetic Seal 


DIMENSIONS 


D 
SEAL 
AREA 


*Qualified 
(QPL) 
Resistance 
Range 
(ohms) 


100 
to 1.21M 
1/8W ss 1/4W 49.90, 
to 499K 


are available on special order. **Clean-lead to clean-lead. 


PERFORMANCE CHARACTERISTICS 


As aguide to the performance that can be expected 
of RNR/RNN Series resistors, the following chart 
indicates typical results of tests performed in 


MIL 
Power Rating 
125°C 70°C 


Temperature 
Coefficient 
(PPM/°C) 


Tolerance 


+0.1% 
+0.5% 
+1.0% 


1/10W =1/8W E = +25PPM 


C = =50PPM 


E = +25PPM 
C = +50PPM 


+0.1% 
+0.5% 
+1.0% 


E = +25PPM 
C = +50PPM 


Resistance 


Life Failure 
Rate 
(Per 

1000 HRS) 


S = 0.001% 
R = 0.01% 
P =0.1% 
M = 1.0% 


S = 0.001% 
R = 0.01% 


001% 


0. 
0. 
0. 
1. 


=uDmmNM 
Wedel 


120 


125° 


Dimensions— 
see diagram 
Inches (mm) 


(12.70) 


140 
(18.80) 


Paxly 


d 


Ssisd 


$410} 


cane facta: peg eee % Change in Resistance g a eee 
a re RNR Series s a TPP AL am 
Raaaiemen Average fr SESS. eReeeEs 
_ 
Thermal Shock & Overload, = 60 Pe ue deed aE ae 
aw erinetalen Seaton —65°C ie cn O BEERS DOES 
Terminal strength am om §& | [TT TTT TALT IT tt 
Dencrcwinemdnowtace 4 CN 
ie 2000 Holme’ 5% gai ame WO GP ES 
Tone eure 7 ae BERBERS. Sees 
vibration, High frequency 10-2000Hz ) ) Ty PPLE ELELLT Nel [| 
a al ven 90. 110 130 150 170 190 210 
High Temperature Exposure 175°C, AMBIENT TEMPERATURE - °C 
2000 hrs 5% 20% 
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MIL STYLE RNR/RNN 


Established Reliability Resistors (MIL-R-55182) Hermetic Seal 


MARKING 


Established-Reliability Series resistors are marked 
with the MIL type designation, JAN marking, date 
code, source code, and manufacturer’s produc- 
tion lot code, in compliance with MIL-R-55182. 


PACKAGING 


Bulk (100 pieces per box) or Lead Tape and Reel 
per EIA RS-296D. Custom packaging available 
per customer requirements. 


MIL-R-55182 PLUS 


Additional screening (100 hour burn-in, X-ray 

and serialization or other custom marking) is 

available per customer specifications. 

NOTE: Only resistors made to the exact Speci- 
fications of MIL-R-55182 may be JAN 
marked. 


LEAD MATERIAL 


RNR = Type N Gold Plated per MIL-STD-1276 
RNN = Type N Gold Plated per MIL-STD-1276 


typical capacitance values 


a ee 


Voltage Coefficient 
(PPM/Volt) +50% 2.0 0.5 0.2 


Power Coefficient 
(°C/Watt) =10% 


HOW TO SPECIFY 


MIL STYLE RNR/RNN Resistors can be completely specified 
using the following designation: 


Cc 
Temperature Coefficient 
E +25PPM/°C 


RNR 95 XXXX F Ss 


Tolerance 
B +0.1% 
D +0.5% 
F +1.0% 


C +50PPM/°C 
MIL Power Rating 
120°C: 70°C 
95 = 1/10W 1/8W Resistance Value 
60=1/8W 1/4W XXRX <100 
65=1/4W 1/2W XXXX +100 
Lead Configuration 
RNR = Solderable Life Failure Rate 
RNN = Weldable S = 0.001%/1000 HRS 
R = 0.01%/1000 HRS 
P =0.1%/1000 HRS 
M = 1%/1000 HRS 
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Standard Packaging of 
Film Resistors 


BULK PACK 


Resistors are packed 100 to a standard carton, 
either 1" x 1" or 134" x 134" by 334" long, overall 
dimensions, depending upon the resistor size. 


Figure 1. Bulk-Pack Resistor Cartons 


INSERT CARD 


Resistors are mounted in slotted cards, and 
locked in place by a card strip inserted beneath 
them. Up to 15 large, or 20 small resistors per 
card, readily amenable to bulk shipment. 


Figure 2. Insert Card Packs 


LEAD TAPE EIA RS-296-D 


Lead-taped resistors are packaged in the two Resistors can be furnished taped in a consider- 
formats following. In the Ammo Pack, the taped able variety of configurations, in either Ammo or 
resistors are folded into cartons of (usually) 1000 Reel packs, to suit production-line requirements 
resistors per tape. The Reel Pack holds up to and dimensional specifications for the automatic 7 
5000 resistors per tape, on a 12” diameter reel. insertion machinery employed. ~h 


Figure 3. Lead-Taped Resistors in Ammo Pack (left) and Reel Pack (right) 
Formats. 


ESD (Electro-Static Discharge) packaging is 
available. Please contact factory for details. 
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Design Data for Selecting and Applying 


Film Resistors 
a (Ce ee ee ee ee ee ee 


The Resistor has been with us ever since Georg 
Simon Ohm straightened out the R = E/I situa- 
tion, early in the last century. For many decades, 
there was no appreciable demand for high- 
precision resistance; when the needs began to 
develop, it was often cheaper to make the essen- 
tial values in-house, to add trimmers, or to design 
around them by placing the accuracy burden 
elsewhere in the circuit. Even today, there remains 
an inherent tendency to make do with resistance 
accuracies of +20% or +10% in many design 
areas, on the basis that, if you use a tighter- 
tolerance resistor, it won’t stay that way very 
long, but it will add a considerable boost to your 
production costs. 


A designer who thinks this way, without investi- 
gating the facts, does himself and his designs a 
serious disservice. Over the past thirty years, 
military and space program demands have spon- 
sored a technological revolution in all of the dis- 
ciplines. In the manufacture of resistors, we have 
developed new materials, new techniques and 
controls, and particularly new automatic test, 
sorting, and selection processes under computer 
control; exhaustive laboratory investigations and 
rigorous field tests have established an enormous 
fund of reliable technical information on the 
performance of resistors under all combinations 
of conditions—long term as well as short term. 
Such data are made available in condensed form 
in the specifications for each Philips Components 
Q __sresistor Series. Armed with these, and a famil- 
Be iarity with the significance of such ratings, as 
Sy 


outlined in the pages that follow, the designer can 
both extrapolate the performance of a particular 
4] resistor to a given set of operating conditions, 
6 and estimate its performance over any antici- 
P. pated range of conditions. He can confidently 
select a lower wattage, a different shape or size, 
a more-compatible characteristic, or a more 
economic style. He can unburden his circuits of 
the need for trimming or recalibration provisions 
by selecting a higher accuracy for certain critical 
resistors. This additional degree of freedom can 
pay off handsomely in improved performance, 
higher reliability, and in significant reductions in 
size, weight, and cost. 
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Design Data for Selecting and Applying 


Film Resistors 


a pee 


Resistor Parameters—Defined and Interpreted. 
Although the definitions that follow are widely 
accepted by the electronics engineering commu- 
nity as the most specific and useful means for 
describing the performance of a fixed resistor, it 
is unfortunately true that some manufacturers 
deviate from standard specification practice. 
Indeed, many of the parameters defined here are 
actually omitted from many resistor specifications. 
Furthermore, this lack of industry-wide standard- 
ization has led to uncertainty, and even confusion, 
as to both the interpretation and the significance 
of certain specifications...to the detriment of the 
final circuit design. The reader is urged, there- 
fore, to review these definitions, and to refer back 
to their interpretations, when evaluating and 
selecting resistors for his application. 


Accuracy (Tolerance). The maximum deviation 
from the nominal value of the resistance, at the 


- §tandard trimming temperature, measured at neg- 


-ligibly low test voltage and dissipation, usually 
expressed as a percentage of nominal resistance 
(or the equivalent in parts per million). Initial accu- 
racy (the figure specified in a catalog) is the 
~ accuracy of the resistor at the time of shipment. 


NOTES: The “standard trimming temperature” 
for Philips Components resistors is 23°C (73.4°F). 
Measurements at other ambient temperatures 
must allow for the temperature coefficient (T.C. 
of the resistor. “Negligibly low test voltage and 
dissipation” means that the test voltage applied 
is not high enough to cause significant changes 
in resistance value, considering both the volt- 
age coefficient of resistivity (defined elsewhere) 
and self-heating effects (see definition of power 
coefficient). 


Temperature Coefficient (of Resistivity). The 
maximum change in resistance per unit change in 
the temperature of the resistor, usually expressed 
in (+) parts per million of nominal per degree 
Centigrade. Usually, a T.C. rating is associated 
with a specific temperature range, over which 
the maximum T.C. is never exceeded. 

NOTES: The temperature reference in this speci- 
fication is that of the resistor not the ambient 
temperature...although, in the absence of self- 
heating, if the resistor has had time to reach 
thermal equilibrium with the ambient, the resistor 
temperature may be the same as the ambient 
temperature. The preferred test method is to 


ee” 
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measure resistance (at negligible dissipation) at 
several different temperatures, holding each 
temperature long enough for the resistance to 
stabilize. (See later discussion of power coeffi- 
cient, for method of correction for significant 
dissipation.) 


Time Stability. The degree to which the initial 
resistance value is maintained, to a stated degree 
of certainty (probability), under stated condi- 
tions of use, over a stated period of time; usually 
expressed in (+) percent or (=) per unit (ppm) 
change in resistance per 1000 hours of con- 
tinuous use. 

NOTES: This parameter is very dependent on 
the conditions of use, drift being at a minimum 
for nominal ambient temperature and negligible 
dissipation. 


Power (Temperature-Rise) Coefficient. The maxi- 
mum rise in “hot-spot” temperature of the resistor 
above ambient, per Waitt of dissipation, assuming 
free-air convection, and negligible loss of heat 
through the leads, after thermal equilibrium has 
been reached usually expressed in °C/Watt. 
NOTES: Remember that this coefficient relates 
the rise in temperature (above ambient) to the 
power dissipated in it. Thus, if the power coeffi- 
cient is 80°C/Watt, the power dissipated is 0.5 
Watts, and the ambient temperature is 50°C, the 
final equilibrium hot-spot temperature will be: 
80°C x 0.5 + 50°C = 90°C 
Note also that a hot-spot temperature of 90°C 
constitutes a 67°C rise above the standard trim- 
ming temperature of 23°C. 


Self-Heating Coefficient (of Resistivity). The 
maximum change in resistance due to tempera- 
ture change caused by power dissipation, at 
constant ambient temperature, usually expressed 
in percent of per-unit (PPM) change in nominal 
resistance per Watt of dissipation. 

NOTE: This parameter is actually the product of 
the Power Coefficient and the Temperature Co- 
efficient. 


Voltage Coefficient (of Resistivity). The maxi- 
mum change in nominal resistance due to the 
application of a voltage across the resistor, after 
correcting for the self-heating effect, usually 
expressed in percent or per-unit (PPM) change 
in nominal resistance per Volt applied. 
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Design Data for Selecting and Applying 


Film Resistors 


eR |S ee ee eee 


NOTE: This relatively small error source is not 
due to heating, but rather to molecular distortion 
in the resistive material; however, an applied 
voltage can cause significant self-heating, and 
resistance changes due to temperature rise must 
be accounted for in measuring voltage coeffi- 
cient. Voltage coefficient is also, to a very slight 
degree, a function of voltage cycling (repetitive 
application and removal of a voltage near the 
maximum rated voltage limit of the resistor). 


AC/DC impedance Ratio. The maximum ratio of 
the magnitude of the complex impedance (Z) to 
the DC resistance at the frequency of interest. 


NOTES: The simple equivalent circuit of a resistor 
shown here is valid, for all Philips Components film 
resistors, over the entire frequency range from 
DC to hundreds of megahertz. 


Because skin effect is negligible in all Philips 
Components film resistors, R, the resistive com- 
ponent of the impedance in the equivalent circuit, 
is constant at all frequencies. In almost all designs 
and resistance values, the inductance, L, has 
negligible effect up to several hundred megaheriz. 
(The only exception to this statement is very low 
resistance values, of the order of 10-100 Ohms, 
in large wattage ratings, and then only above 
100MHz.) The capacitance, C, however, may be 
significant, particularly in high-value resistors, 
at high frequencies. Generally speaking, the 
Capacitance for any given style and wattage rating 
does not vary more than +20% with the resistance 
value. In some of the individual resistor spe- 
cifications, this capacitance is given for the styles 
and wattage ratings, to within =25%. The AC/DC 
impedance ratio is then calculable from: 


ZI=  _ 

R Wie (27fRC)2 
where fis the frequency of interest. A family of typ- 
ical curves of A vs frequency for various resist- 


ance values are shown in the following column. 
Note that the 100 curve (only) shows appreciable 
series inductance, but only above 150MHz. 
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“Useful” Frequency Range. This definition is arbi- 
trary, because the range of usefulness depends 
on the nature of the application. In some appli- 
cations, an AC/DC impedance ratio of 0.5 may 
be tolerable (e.g., in terminating certain filters), 
whereas in others, 0.99 may not be acceptable. 
At Philips Components the “useful” precision fre- 
quency range (for attenuators, voltage dividers, 
etc.) is defined very conservatively, by limiting it 
to the highest frequency at which the impedance 
differs from the resistance by more than the tol- 
erance of the resistor Thus, if a 1,000 Ohm, +0.5% 
resistor has a nominal shunt capacitance of 0.5pF 
then the “useful” frequency range is from DC to 
the frequency at which: 
IZ 


(1-2) =0.5% 


1 _ - 
or: (1 -V74 OnlORpy = 5x10 : 


from which f ~ 2.5 MHz...although, as noted 
earlier, many applications can use such a resistor 
from DC to many times that frequency. Indeed, 
Philips Components film resistors are used in 
many applications approaching the gigahertz 
range...for example, the “useful” frequency range 
for terminating transmission lines and filter net- 
works is at least 300MHz, between 50Q and 
10000, the range of values most often used for 
this purpose. 
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Design Data for Selecting and Applying 


Film Resistors 


Failure Rate. The statistical probability of the inci- 
dence of “catastrophic” failure in a large number 
of identical resistors operated continuously for 
a given period of time under stated environmental 
- conditions, usually expressed as maximum per- 
centage of units predicted to fail under continu- 
ous service at maximum rated power (or voltage, 
if that limit is reached first), at 25°C ambient. 


NOTES: The above definition is for an industrial 
failure-rate specification. MIL failure rates are 
established by the applicable MIL standards, to 
which the reader is referred. The “confidence 
level” implicit in the failure-rate calculation used 
to specify the reliability of Philips Components 
industrial resistors is 95%. Note also that “specifi- 
cation’ failure rates (as opposed to catastrophic 
failure rates) may be significantly higher—i.e., a 
resistor may exceed its stability limits, as given 
by the preceding nomograph, without failing 
catastrophically. 


Thermal Noise Level. The equivalent RMS voltage 
value, over a stated bandwidth, of all energy 
components generated by the resistor at a stated 
resistor temperature, with no externally supplied 
current flowing through the resistor. 


NOTES: The basic equation relating bandwidth, 
temperature, and noise in any resistor may be 
derived from the theoretical Johnson thermal- 
noise equation, and has the form: 


E (RMS) = 7.4 RTAfx10712 

where: R is the resistance in Ohms; T is the 
temperature in degrees Kelvin (°C+273); and Af 
is the bandwidth in Hertz over which the noise 
energy is measured. See nomograph following 
for calculation of the magnitude of thermal noise, 
for any resistor. This inevitable thermal noise is 
sometimes called ‘“‘white noise,’ because its 
energy level is the same at all frequencies. There 
is another noise component in film and compo- 
sition resistors, called ‘‘current noise” or ““1/f 
noise,” the energy of which is inversely propor- 
tional to frequency, and is a function of both the 
current flowing in the resistor and the value of 
the resistor. 

Current noise energy is almost exactly propor- 
tional, over wide ranges, to the square of the 
current flowing—i.e., to the square of the voltage 
across the resistor. Its variation with resistance, 
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however, is a very complex function of the con- 
struction and metallurgy of the resistor. This 
parameter is discussed under Noise Index. 


Noise Index. The ratio of the RMS current-noise 
voltage (over a one-decade bandwidth) to the 
average (DC) voltage caused by a specified con- 
stant current passed through the resistor, at a 
specified hot-spot temperature, usually expressed 
either in »V/Volt, or in decibels of voltage ratio: 


RMS NOISE IN MICROVOLTS AT 23°C 


10K 


10 100 1K 
BANDWIOTH IN HERTZ 


Noise Voltage 
Noise Index = 20 log 4, ‘ean’, 
NOTES: A useful form of the above equation 
gives the total noise voltage for a given band- 
width, f; to fe: 


NI 
ERmMS= Vpcx 10 (30/Vlog (2 


where Vp is the IR drop across the resistor and 
N.I. is the Noise Index in dB. Test conditions must 
be controlled carefully, to assure that the speci- 
fied hot-spot temperature is established. The 
measurement must be made on an instrument 
especially designed to permit correction for its 
own thermal noise, and the thermal noise of the 
resistor under test (usually negligible). If more 
than one decade of frequency is of interest, the 
RMS noise voltages add as the square root of 
the sum of the squares, so that the resultant 
multi-decade noise level is given by: 


En= VnE1 

where En is the total voltage for n decades of 
frequency and E, is the noise voltage for one 
decade. 
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Design Data for Selecting and Applying 


Film Resistors 
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The curve at the top of the next column shows 
the relationship between noise level and frequency 
for a typical film resistor. At higher frequencies, 
the current noise approaches the thermal noise, 
and finally falls below it. 


The curve following shows how noise index varies 
with resistance for typical Philips Components 
film resistors. | 


Second-Order and Third-Order Error Sources. 
These parameters are of limited interest, and are 
usually not specified, because they are not 
required for design evaluation, but are worthy of 
mention here, for consideration in the rare appli- 
cation in which they may acquire some signifi- 
cance. (NOTE: All MIL specifications incorporate 
tests of these effects.) 


@ Insulation Resistance. The minimum resistance 
between any point on the protective coating of 
a resistor and either of its terminals. 

@ Insulation Voltage Limit. The maximum voltage 
that may be impressed across the path from 
either terminal to any point on the protective 
coating of a resistor. 

m@ Temperature Retrace. The maximum change in 
resistance value caused by a specified number 
of cycles in resistor hot-spot temperature 
(caused by dissipation and/or ambient tem- 
perature changes), usually expressed as: a per- 
centage or per-unit (PPM) change from nominal 
resistance value (after ‘‘N” cycles between T, 
and T>2). NOTE: A special form of this test is 
the “Short-Term Overload” procedure. 

m Voltage Retrace. The maximum change in resis- 
tance value caused by a specified number of 
cycles of application and removal of a speci- 
fied voltage to the resistor, with the “on” and 
“off” times also specified, usually expressed 
aS: a percentage or per-unit (PPM) change in 
nominal resistance value (after “N” cycles or 
"Vv", “on” for t; and “off” for t.). 

m@ Environmental Retrace. The maximum change 
in resistance value caused by a specified 
number of cycles of exposure of the resistor 
between two different sets of environmental- 
stress conditions (e.g., high to low humidity, 
with or without simultaneous temperature 
change; corrosive atmosphere, shock, vibra- 
tion, etc.), expressed as a percentage or per- 
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unit (PPM) change from the nominal resistance 
value (for ‘“N” cycles between condition A, for 
a period of ta, and condition B, for a period of 
tB). 

= Thermal Transient Response Time Constant. - 
The maximum time required for the resistor to 
attain 63% of the steady-state (equilibrium) 
change in resistance from the initial value, as 
the result of suddenly (theoretically, instantane- 
ously) changing either the ambient temperature 
or the dissipation, expressed in seconds. Note 
that this is a measure of the “thermal mass’ 
of the resistor in its convection/conduction 
cooling environment, and the value measured 
may not correspond to that observed in prac- 
tice, unless the environments are similar. 


R = 22K 
Voc = 11 Volts (1 = 0.5mA) 
Noise Index = —20d8 


NOISE LEVEL IN dB (0 dB = 1nV) 


SLOPE = 
\ of —20dB/DECADE 
vin x 


1 10 10? 10° 10° 


| 
—_ 
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Design Data for Selecting and Applying 


Film Resistors 


RESISTANCE DESIGNATION 


The code for specifying a resistor in any Philips 
Components Series is described in the catalog 
pages for that Series. The desired resistance 
value, in Industrial/Consumer types, is usually 
designated by standard nomenclature (i.e.: 15.40, 
0.1K, 1.0M, etc.). Military types require MIL-spec 
designation of resistance: 
For 1% or smaller Tolerance 


6193 = 619,000 


1st significant figure | | L_ number of zeroes 
2nd significant figure 
3rd significant figure 
For 2% or larger Tolerance 
624 = 620,000 


1st significant figure— | L— number of zeroes 
2nd significant figure 

When the value of resistance is less than 100 
ohms, or when fractional values of an ohm are 
required, the letter “R” is substituted for one of 


the significant digits to represent the decimal 
point, and succeeding digits of the group then 
represent significant figures (i.e.: 47R6 = 47.6 
ohms; R50 = 0.50 ohms). 


STANDARD RESISTANCE VALUES 


For each size of resistor in each resistor Series 
in this catalog, a resistance range is given in the 
Characteristics and Nomenclature Table for the 
Series. In some cases, more than one range is 
listed, corresponding to the various temperature 
coefficients and/or resistance tolerances avail- 
able in a given resistor size. The listed range in 
each case determines the limits within which 
standard resistance values are obtainable. Within 
those limits, standard values may be selected in 
accordance with the following table, and the 
specified resistance tolerance. 

For a particular tolerance, any resistance value 
in the appropriate column may be specified, or 
any decade multiple (or submultiple) of that value, 
within the stated range. Non-standard resistance 
values are available on special order. 


STANDARD RESISTANCE VALUES FOR THE 10-TO-100 DECADE 


(also usable in decade multiples or sub-multiples) 
RESISTANCE TOLERANCE (+%) 


0.1% 2% 0.1% 2% 0.1% 2% 0.1% 2% 0.1% 2% 0.1% 2% 

025% 1% 5% 0.25% 1% 5% 0.25% 1% 5% 0.25% 1% 5% 0.25% 1% 5% 0.25% 1% 5% 

0.5% 10% 0.5% 10% 0.5% 10% 0.5% 10% 0.5% 10% 0.5% 10% 
10.0 100 10 147 147 215 215 316 316 - 464 464 - 681 681 68 
10.1 - - 14.9 be s 21.8 = - 2H = = 47.0 = 47 «69.0 _ _ 
102-402" °S 150 15.0 15 221 221 22 324 324 - 475 75K 698 698 - 
104 - mi 15.2 - - 22.3 “ 7 co ne “= 48.1 . “ 70.6 - 2 
1.5 105 - 154 1540 = 226 «02260 33.2 332 33 487 487 - 15 5 - 
106 2 = ™ 15.6 " - 22.9 = - 336 - = 49.3 _ = 72.3 - - 
10.7. 07 = 8 158 - 2: 2 = 340 340 - 499 499 - G2, 78H + c= 
109: ~ = = 16.0 - 16 23.4 - = 344 = - 50.5 = o 74.1 - = 
1.0 «110. 11 162 162 - 37 27 = 348 «348 SO 511 5415 75.0 750 75 
114 = rs 164.3 = : 24.0 a a. a 7 517 _ 7 75.9 _ - 
"3 13 = 165 165 - 243 «2430S 357 357s 523 523 «= = 768 768 - 
14° «= - 16.7 = 24.6 = 7 36.1 a 36 ~=—«53.0 a = 777 - . 
Ho ie FS 169 169 - 249 «2490 36.5 365 - 536 4053600 e787 == 
11.7 7 2 17.2 7 7 25.2 7 ™ a70 Fs. = é 54.2 = = 79.6 ~ 7 
18. 148.6 74 174° - 25 25 - 374 3740—Ci- 549 5490 806 806 - 
12.0 _ 12 17.6 _ — 25.8 is ~ 3/9 oo — 99.6 = - 81.6 _ = 
i tat" 178 178 - 21 21 £- 2a Se. 562 562 56 825 825 82 
Vat ms ome _ 18.0 a 18 24 - : 3838 2 = - 56.9 - ae 83.5 . . 
24-3 24, = 162. "462%, = 27 2207 - 392 392 39 576 576 -— 845 845 
126 - - 18.4 = = 27.1 = 27 397 = = 58.3 * = 85.6 “2 . 
7. te = 187 187 = - 274 #74 = - 402° 402 < 590 590 - 866 866 - 
29 = a 18.9 xs - 277 7 = 40.7 * _ 59.7 - - 87.6 = ~ 
130 130 13 94° 19% 8= 230 20 - 41.2 M2  - 604 604 - 887, 887  - 
19.20% eae = 19.3 “ 7 28.4 . - MJ = = 61.2 . - 89.8 . = 
133. 518307 4 196 196 — 27 27 - AOD iA ms 619 61.9 62 9.9 909 91 
135° - 6s “ 19.8 = i 29.1 “ = on . 62.6 a . 92.0 = - 
187 AB7 sor WO «°° 20.0;.- 20 294 294 - 43.2 432 43 £634 634 ~ 14 934 = 
138 - s 20.3 He _ 29.8 “ = 43.7 * - 64.2 Se = 94.2 = “ 
14.0¢6 44.0. ° + 205 205 - 30.1 301 30 442 442 - 649 649°—is = 93 93 £- 
14.2 # ‘ 20.8 es = 30.5 ~ < 44.8 - % 65.7 - 7 96.5 - a 
143» 14340 = Og S10, * 309 309 - 453 453 - 66.5 66.5 - 76 76 - 
45 - ~ 21.3 = - 31.2 = = 45.9 - = 67.3 - - 98.8 . a 
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Trimmers 
- QUICK REFERENCE INDEX 


MULTITURN 5/16" RD. | TMZ 
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RESISTANCE RATING TEMPERATURE 
DESCRIPTION RANGE (°C) (°C) 

Cn ae Pair pote 
Roe ee ae [1 | 105Mea | sowe7o" | —ssTo ris | 58 
[eres it (dt | reweroy_| -ssToxis | 549 
Eee area | ewe [1 | 1 | 
camer 1 [10-swes_[soweesy | -25To 5 | oat 
m7 [3] so2mea | sowa@7o"_| -ssTovis | 654 
I | 
ora | 18 | 10866 
- 552 
a! ec oe ee |) eee 
a a ee | 
a SS ae a 


SEALED CERMET TRIMMERS 


1 
1 
1 
1 
3 
12 
25 

E [352 

Re 

ea ae 

cee, fas 

POWER OPERATING 
RESISTANCE RATING TEMPERATURE 

ll | w|i SEE eee i. (°C) ia: 

—wirzo0e7 | ears | ama | 25 | Tosmec | sowe@es | -csrortso | sa7_ 

2 [10sec | zswees | —esTo+180 | 539 

| [e570 150 | 537 

| [539 

a7 

S67 

fe 
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bor 
Ce rea | Res 599 
“e570 +150_| 637 
oo eres, | Rees 599 
CONSUMER GRADE TRIMMERS 
/___oescmmon | sees, | roms | “mmr | | 
DESCRIPTION RANGE 
MeN a lee. | ed 
COHN | oso) 40 | gp ara |e SOT 
TT encLosep | towmsa [asa + | toa [OT CC 
ceva We Pe es | ee 
ss SA a 
OES imes | 


Mepcopal Company is a joint venture of Philips Components Discrete Products Division and Copal Electronics Ltd. 
Philips Components is the sales agent for all Mepcopal Products. 

Mepcopal Company offers: 

- SURFACE MOUNT CERMET TRIMMERS, See the Philips Components Surface Mount Device catalog for details. 


* WIREWOUND TRIMMERS 
* BINARY CODED DIP ROTARY SWITCHES 


- PRECISION WIREWOUND POTENTIOMETERS 
* TURNS COUNTING DIALS 

* HIGH RELIABILITY FUSES 

* MODULAR CONTROL POTENTIOMETERS 


Contact the Mepcopal factory of your local Philips Components sales office or representative for details on these products. 
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PART NUMBERING SYSTEM 


HOW TO SPECIFY INDUSTRIAL CERMET TRIMMERS 


PHILIPS COMPONENTS TRADEMARK 


8014 E 103 
Model | 
Pin Style 
E=Industrial 
Tolerance Resistance Code 
K=+/—10% 
COPAL TRADEMARK 
CT-6 Pp 103 
Model Pin Style Resistance Code 


HOW TO SPECIFY MILITARY CERMET TRIMMERS 


MIL Characteristic 
C=250 ppm/°C 
F =100 ppm/°C 


MIL-R RJR24 F xX 103 R 
39035 
Pin Style 
MIL Type 
Resistance 
7 Code 
MIL Characteristic Failure Rate Level 

es C=250 ppm/"C M=1%/1000 hours 
& F=100 ppm/°C P=0.1%/1000 hours 
he | R=0.01%/1000 hours 
= 

MIL-R RJ24 F X 103 
~ 22097 
3 
s MIL Type Pin Style Resistance Code 
© 
wf 


Mepcopal military trimmers are qualified to Failure Rate Level “R” and MIL Characteristic “F” for all ohmic values. 
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SERIES 8014 


Single Turn 44" Round Diameter 
Miniature Cermet Trimmers 


DESCRIPTION RESISTANCE VALUES AND CODES 


Series 8014 single turn cermet trimmer is the 
smallest size trimmer of its type available today. The STANDARD 
1,” diameter: 8014 hds.a maximum height of.180. . ——Gims. _ Code» Ofung, -f, Sode 
Specifications include a maximum contact resis- 100 101 25K 253 
tance variation (CRV) of 3% maximum and less than a ae He 4 | 
0.25% average. 1K 102 200K 204 

2K 202 250K 254 
The Series 8014 represents a major breakthrough SK 502 SOOK 504 
in the design of high performance, high reliability 10K 103 1 Meg 105 
potentiometers combining an exceptionally low — hs SPECIAL 
profile with equally low prices. | Ohms Code Ohms Code 

10 100 2 Me 205 
DESIGN FEATURES 20 200 5 Meg 505 

50 500 
—@ Low Cost 7 


M@ Sealed — withstands automated soldering and 


Industrial cleaning progesses. gS 
© 
@ Broad Resistance Range available —- 10 Ohms ~ 
to 5 Megohms. : 
@ Tolerance — 10% ee 
| 
™@ Temperature Coefficient of Resistance - = 
+100PPM/°C over entire operating range. 5 
@ CRV - typically less than 0.25% average and 3% 3) 
maximum. PD. 
@ Cermet Element - inherent environmental 
Stability. 


—H infinite Resolution — For smooth, continuous 
adjustment of voltage or resistance ... Even in 
lowest resistance designs. 
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SERIES 8014 


Miniature Cermet Trimmers 


SPECIFICATIONS 


ELECTRICAL 


_ DIMENSIONS 


8014EKW 


- .200 MIN 


4 


200 -%.020 


.018 + .001 DIA. 

L SOLDERABLE PINS 
ADJUSTMENT SLOT .100+.010 ALL PINSTYLES 
LONG, .030+.005 WIDE, 

.030+.005 DEEP, ALL 
PIN STYLES 


8014EKP 


.200 
min. 


| 
! | 
250 ~.020 _= 
022 100 
.180 MAX 100 


Resistance Range: 
100 ohms to 1 megohn, standard. 
10, 20, 50 ohms, 2, 5 megohms, special. 
Resistance Tolerance: +10% 
Temperature Coefficient: +100 ppm/°C 
Power Rating: .5 watt at 25°C derated linearly to 
O watt at 125°C. 


Operating Voltage: 200 V maximum. 

Slider Current: 100 mA, or within power rating, whichever 
is less. 

End Resistance: 2 ohms, maximum. 

Contact Resistance Variation: 3 ohms or 3% TR, which- 
ever is greater. 

Adjustability: +0.03% voltage ratio; +0.1% resistance. 

Resolution: Essentially infinite. 

Insulation Resistance: 1000 megohms minimum. 

Dielectric Strength: 600 VAC minimum. 

Operating Range: -25°C to +125°C. 

Electrical Angle: 190° nominal. 


MECHANICAL 


Element: Cermet 

Seal: Sealed to allow wave soldering and 
immersioncleaning. 

Adjustment: 240° nominal. 

Operating Torque: 3 0z-in maximum. 

Stops: Solid both ends. 

Rotational Life: 200 cycles. 

Terminals: .018” dia. solderable pins. 

Terminal Strength: 2 Ibs. min., four 90° bends. 

Weight: .30 g (.011 0z.) maximum. 

Housing & Rotor: Thermoplastic. 

Marking: resistance value. 


ENVIRONMENTAL 


Will perform satisfactorily under the following 

test conditions: 

Thermal Shock: —25°C to +125°C. 

Shock: 100G 

Vibration: 20 G, 10 Hz to 2000 Hz. 

Moisture: 10 days, 80-98% RH 

Life: .5 watt at 25°C for 1000 hours 

Resistance to Soldering Heat: 350°C for 3 seconds. 


SCHEMATIC 


— se CW 


CCWU CW 
re 


WIPER 


m™ TOLERANCES NOT SPECIFIED ARE +.010 
m NOTE: W PIN SPACING FITS JEDEC TO-18 PATTERN. 
P PIN SPACING FITS JEDEC TO-5 PATTERN. 
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SERIES 8024 RJ24/RJR24 


DESCRIPTION 


Series 8024 (industrial), RJ24 (MIL) and RUR24 
_ (MIL-Established Reliability) trimmers consist of a 
ceramic/metal resistance element deposited ona 
- ceramic substrate that is sealed against moisture 
and contaminants in a rugged housing designed 
to withstand high levels of vibration and shock. 
End-to-end resistance values range from 10 ohms 
to 5 megohms, with very low T.C. over a wide 
temperature span. 
Continuous cermet film provides infinite resolu- 
tion. Performance, both AC and high frequency, 
meets MIL-R-22097 and MIL-R-39035. Electro- 
mechanical and time/temperature stabilities are 
excellent. Series provides worry free performance. 


DESIGN FEATURES 


=# Essentially Infinite Resolution—for smooth, 
continuous adjustment of voltage or resistance 
...even in lowest-resistance designs. 

@ Excellent Electromechanical Stability—initial 
adjustment is maintained even under severe 
shock and/or continuous vibration. 

@ Very High Temperature/Time Stability—T.C. and 

-long-term-drift characteristics approach those 
of wirewound controls costing far more and 
providing much less resolution. 

= Full MIL Conformance—Plus generous safety 
margins. 


DIMENSIONS 


Industrial 
8024 EKY 


050+.010 
: _375+.010 
.055+.005 L-- .045+4.005 


a 


Ohms 


100 
200 
500 
1K 
2K 
SK 
10K 
20K 


Ohms 


10 
20 
50 


Code 


101 
201 
501 
102 
202 
502 
103 
203 


Code 


100 
200 
500 


SPECIAL 


Ohms 


25K 
50K 
100K 
200K* 
250K 
500K 
1 Meg 


Ohms 


2 Meg* 
5 Meg~« 


*Not standard for RJ models 


Code 


253 
503 
104 
204 
254 
504 
105 


Code 


205 
505 


Multiturn Cermet Trimmers 3" Square 


RESISTANCE VALUES AND CODES 


STANDARD 


-410+.010 


+.030 
188 ~000 


7 . .0194.001 


TYP. 3 PLCS. 


2. SHAFT HEAD .090+.005 DIA. WITH .020+.005 W x .025+.005 DP. SLOT. 


SJOUIUNAL JOWUIII ~N 


.015+.003 


+ 


1. ALL DIMENSIONS IN INCHES UNLESS OTHERWISE SPECIFIED 


.187+.015 


fe 


.150+.015 


1004 .010 


L .030+.010 
TYP. 


-1002.010 
TYP. 
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SERIES 8024 RJ24/RJR24 


Multiturn Cermet Trimmers 


DIMENSIONS 


INDUSTRIAL —_—— MIL-R-22097 
8024EKP RJ24FP RJR24FP 


3754.010 
k-.055 
' 
eee a 
ost 165.010 


| ‘ .300 MIN. 
.015+.003 


.019+.001 DIA. SOLDERABLE PINS 


ADJUSTMENT SCREW 
.085+.010 DIA. WITH 
.020+.005 WIDE X 
.0254.005 DEEP SLOT 


.050* 


*ALL PIN Ade 


.100+.005 
375 +.015 


+ g 


.100+.005 


INDUSTRIAL MIL-R-22097 


8024EKW RJ24FW 


RJR24FW 


.045 


375+.015 — Sed eek 
L dg ace co 
TYP. 
‘= “lt 015+.003 
INDUSTRIAL MIL-R-22097 


8024EKX RJ24FX RJR24FX 


.045 


S Se J 


.150 = .015 ry 


an 015 


TYP. 
.015+.003 


@ TOLERANCES NOT SPECIFIED ARE +.010 


MIL-R-39035 


MIL-R-39035 


MIL-R-39035 


SPECIFICATIONS 


ELECTRICAL 


Resistance Range: 

100 ohms to 1 megohn, standard. 

10, 20, 50 ohms, 2, 5 megohms, special. 
Resistance Tolerance: +10% 
Temperature Coefficient: +100 ppm/°C; 


Power Rating: 1 watt at 70°C, industrial; .5 watt at 85°C 
derated linearly to 0 watt at 150°C, military. 

Operating Voltage: 300 V maximum. 

Slider Current: 100 mA, or within power rating, whichever 
is less. 

End Resistance: 2 ohms. maximum. 

Contact Resistance Variation: 3 ohms or 3% TR, which- 
ever is greater. 

Adjustability: +0.03% voltage ratio; +0.1% resistance. 

Resolution: Essentially infinite. 

Insulation Resistance: 1000 megohms minimum. 

Dielectric Strength: 900 VAC minimum. 

Operating Range: -65°C to +150°C. 


MECHANICAL 


Element: Cermet 

Seal: Sealed to allow wave soldering and immersion 
cleaning. 

Adjustment: 25 turns nominal. 

Operating Torque: 5 0z-in maximum. 

Stops: Clutch action both ends. 

Rotational Life: 200 cycles (AT.R.<2%). 

Terminals: .019” dia. solderable pins. 

Terminal Strength: 2 lbs. min., four 90° bends. 

Weight: .90 g (.031 0z.) maximum. 

Housing: Thermoplastic 

Marking: logo, part number, pin numbers, 
schematic, pin style, resistance code, date code. 


ENVIRONMENTAL - Per MIL-R-22097/MIL-R-39035 


Characteristic “<P 
Temp. Coeff. PPM/°C +100 
Maximum % change in total resistance: 
Thermal shock -65°C to + 150°C 1% 
Moisture, 10 days, 80-98% R.H. 1% 
Shock, 100G 1% 
Vibration, 20G to 2kHz 1% 
Life. 0.5W @ +85°C 
RJ - 1000 hours 2% 
RJR - 10000 hours 5% 
Low Temp. exposure —55°C 1% 
High Temp. exposure @ 150°C 
RJ - 250 hours 2% 
RJR - 1000 hours 2% 
Rotational life, 200 cycles 2% 
Immersion, water, no leaks 85°C 
Solderability 95% coverage 


Salt spray, 96 hours Resistant 
Dielectric strength 350VAC at 70,000 ft. 
Operating Range -65°C to +150°C 


NOTE: Industrial models designed to meet Mil-R-22097 


Characteristic “F”. 
SCHEMATIC 


—s CW 


CCWU1 CW 
WIPER 
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SERIES 8026/RJ26/RJR26 


Multiturn Cermet Trimmers 14" Square 


DESCRIPTION 


Series 8026 (Industrial), RJ26 (MIL) and RUR26 (MIL- 
Established Reliability) consist of a ceramic/metal 
resistance element on a ceramic substrate that is 
sealed against moisture and other contaminants in a 
rugged enclosure designed to withstand high levels 
of shock and vibration. End-to-end resistance values 
range from 10 ohms to 5: megohms with very low 
temperature coefficient. 


Continuous cermet film provides infinite resolution. 
With 12 adjustment turns, setability is excellent. Per- 
formance, both AC and high frequency, meets MIL-R- 
22097 and MIL-R-39035. End resistance is negligible, 
and electromechanical and time/temperature stabili- 
ties are excellent. This series provides the highest 
reliability and performance in 0.25-Watt applications 
where multiturn setability in the smallest possible 
space is required. 


RESISTANCE VALUES AND CODES 


STANDARD 
Ohms Code Ohms Code 
100 101 25K 253 
200 201 50K 503 
500 501 100K 104 
1K 102 200K* 204 
2K 202 250K 254 
5K 502 500K 504 
10K 103 1 Meg 105 
20K 203 
SPECIAL 
Ohms Code Ohms Code 
10 100 2 Meg*« 205 
20 200 5 Meg« 505 
50 500 


*Not standard for RJ models 


DESIGN FEATURES 


& Wide Design Freedom — all three orientations of 
mounting and adjustment access. 


@ Full MIL Conformance - Plus Generous Safety 
Margins. 


= Essentially Infinite Resolution — for smooth, con- 
tinuous adjustment of voltage or resistance...even 
in lowest-resistance designs. 


= Excellent Electromechanical Stability — Initial 
adjustment is maintained even under severe shock 
and/or continuous vibration. 


@ Very High Temperature/Time Stability — T.C. and 
long-term-drift characteristics approach those of 
wirewound controls costing far more and providing 
much less resolution. 


@ Very Low End Resistance — minimum resistance at 
either end of range is essentially negligible, except 
in lowest-resistance units. 


m Wide Range of Resistances 
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SERIES 8026 RJ26/RJR26 


Multiturn Cermet Trimmers 


DIMENSIONS 


MIL-R-22097 
RJ26FP 


INDUSTRIAL 
8026EKP 


MIL-R-39035 
RJR26FP 


.250+ .020 


.040 “4 = .040 | 


Yate .016 + .001 DIA. 
SOLDERABLE PINS 
ALL PIN STYLES 


*ADJUSTMENT SCREW 
-065 DIA. WITH 

020 + .005 WIDE X 
.025 + .005 DEEP SLOT 
ALL PIN STYLES 


— 
.100 + .005)(Typ) 
.125+.015 


125 


= 
00 = 005, 
as 


.200+'.020 


INDUSTRIAL 
8026EKW 


MIL-R-22097 
RJ26FW 


MIL-R-39035 
RJR26FW 


— 

100+ i 
e304 

_ mh 040 
my i Te: 
4 a 
% Ga Sor 
® 
INDUSTRIAL MIL-R-22097 MIL-R-39035 
8026EKX RJ26FX RJR26FX 


| .250+ .020 | 


b+ 
.100 + .005(Typ) 
030|> 


M@ TOLERANCES NOT SPECIFIED ARE +.010 
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SPECIFICATIONS 


ELECTRICAL 


Resistance Range: 
100 ohms to 1 megohm, standard. 
10, 20, 50 ohms, 2, 5 megohms, special. 

Resistance Tolerance: +10% 

Temperature Coefficient: +100 ppm/°C 

Power Rating: .25 watt at 85°C derated linearly to O watt 
at 150°C. 

Operating Voltage: 200 V maximum. 

Slider Current: 100 mA, or within power rating, which- 
ever is less. 

End Resistance: 2 ohms maximum. 

Contact Resistance Variation: 3 ohms or 3% TR, which- 
ever is greater. 

Adjustability: 0.03% voltage ratio; +0.1% resistance. 

Resolution: Essentially infinite. 

Insulation Resistance: 1000 megohms minimum. 

Dielectric Strength: 600 VAC minimum. 

Operating Range: -65°C to +150°C. 


MECHANICAL 


Element: Cermet 

Seal: Sealed to allow wave soldering and immersion 
cleaning. 

Adjustment: 12 turns nominal. 

Operating Torque: 3 0z-in maximum. 

Stops: Clutching action both ends. 

Rotational Life: 200 cycles (AT.R. <2%). 

Terminals: .016 dia. solderable pins. 

Terminal Strength: 2 lbs. min., four 90° bends. 

Weight: .44 g (.015 oz) maximum. 

Housing: Thermoplastic. 

Marking: part number, pin 

numbers, schematic, pin styl, resistance code date code. 


ENVIRONMENTAL - Per MIL-R-22097/MIL-R-39035 | 


Characteristic ee 
Temp. Coeff. PPM/°C +100 
Maximum % change in total resistance: 
Thermal shock -65°C to + 150°C 1% 
Moisture, 10 days, 80-98% R.H. 1% 
Shock, 100G 1% 
Vibration, 20G to 2kHz 1% 
Life, O.5W @ +85°C 
RJ - 1000 hours 2% 
RJR - 10000 hours 5% 
Low Temp. exposure -55°C 1% 
High Temp. exposure@ 150°C 
RJ - 250 hours 2% 
RJR - 1000 hours 2% 
Rotational life, 200 cycles 2% 
Immersion, water, no leaks 85°C 
Solderability 95% coverage 
Salt spray, 96 hours Resistant 


350VAC at 70,000 ft. 
=65 C to +150°C 


Dielectric strength 
Operating Range 


NOTE: Industrial models designed to meet Mil-R-22097 


Characteristic “F”. 


SCHEMATIC 


— se CW 


CCWU CW 
WIPER 


DESCRIPTION 


Series 8038 single turn cermet trimmer consists of 
a ceramic/metal resistance element deposited ona 
ceramic substrate that is sealed against moisture 
and contaminants in a rugged thermoplastic hous- 


ing. 


The Series 8038 offers high performance and high 


reliability at an economical price. 


RESISTANCE VALUES AND CODES 


STANDARD 
Ohms Code Ohms 
100 101 25K 
200 201 50K 
500 501 100K 
1K 102 200K 
2K 202 250K 
5K 502 500K 
10K 103 1 Meg 
20K 203 
SPECIAL 
Ohms Code Ohms 
10 100 2 Meg 
20 200 5 Meg 
50 500 


SPECIAL PIN STYLES 8038 EKH, EKR, EKU 


EKH 


.088+.015 


Contact factory for price and delivery. 
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Code 


253 
503 
104 
204 
254 
504 
105 


Code 


205 
505 


150 


EKR 


DESIGN FEATURES 


Low Cost 


Sealed - withstands automated soldering and 
industrial cleaning processes. 


Broad Resistance Range available — 10 Ohms 
to 5 Megohms. 


@ Tolerance -— 10% Standard. 


Temperature Coefficient of Resistance - 
+100PPM/°C over entire operating range. 


CRV - typically less than 0.25% average and 3% 
maximum. 


Cermet Element —- inherent environmental 
Stability. 


Infinite Resolution — For smooth, continuous 
adjustment of voltage or resistance ... Even in 
lowest resistance designs. 


SERIES 8038 


Single Turn Cermet Trimmers 3" Square 


541 


Ss4ouuy, zauiiag EN 


SERIES 8038 


Single Turn Cermet Trimmers 


SPECIFICATIONS 


DIMENSIONS ELECTRICAL 
Resistance Range: 
100 ohms to 1 megohm, standard. 
PIN STYLES P, V PIN STYLES W, X, Z 10, 20, 50 ohms, 2, 5 megohms, special. 
Resistance Tolerance: +10% 
Temperature Coefficient: +100 ppm/°C 
Power Rating: .5 watt at 85°C derated linearly to 
O watt at 125°C. 
Operating Voltage: 300 V maximum. 
Slider Current: 100 mA, or within power rating, whichever 


| Fy 1100 is less. 
ae 020 Stand Off eo End Resistance: 2 ohms, maximum 
Contact Resistance Variation: 3 ohms or 3% TR, which- 
ADJUSTMENT SLOT - | ever is greater. 
-100 LONG X .030 + .005 WIDE X.030+.005DEEP Adjustability: +0.03% voltage ratio; 40.10% resistance. 


Resolution: Essentially infinite. 

Insulation Resistance: 1000 megohms minimum. 

TOP ADJUST SIDE ADJUST Dielectric Strength: 900 VAC minimum. 
Tr Operating Range: -25°C to +125°C. 

Electrical Angle: 270° nominal. 


MECHANICAL 


Element: Cermet 
Seal: Sealed to allow wave soldering and immersion 
cleaning. 
Adjustment: 300° nominal. 
20 + .001 DIA. Operating Torque: 3 oz-in maximum. 
™ Sctoemee Bn Stops: Solid both ends. 
Rotational Life: 200 cycles. 
Terminals: .020” dia. solderable pins. 
Terminal Strength: 2 Ibs. min., four 90° bends. 
Weight: 1.13 g (.04 0z.) maximum. 
TOPADJUST Housing & Rotor: Thermoplastic 
Marking: part number, pin numbers, | 
8038 EKP ‘ CW pin, rotor indicator, resistance code, date code and 
TO-5 ~ pin style. 


— Off 


PIN STYLES 


ENVIRONMENTAL 


Will perform satisfactorily under the following 
test conditions: 

SIDE ADJUST Thermal Shock: —25°C to +125°C. 
8038 EKV 8038 EKW Shock: 100G 


.100 IN-LINE C ‘: i 
pies ate Vibration: 20 G, 10 Hz to 2000 Hz 


Moisture: 10 days, 80-98% RH 
Life: .5 watt at 85°C for 1000 hours. 
Resistance to Soldering Heat: 350°C for 3 seconds. 


SCHEMATIC 


— eR CW 


moony oe 


8038 EKX 8038 EKZ 
TO-5 150 IN-LINE 
ROTOR 


WIPER 


@ TOLERANCES NOT SPECIFIED ARE +.010 
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SERIES CT & RJ 


Single Turn Cermet Trimmers 


STANDARD SPECIFICATIONS 
ELECTRICAL 


Resistance 109 ~ 2Mal10a ~ 2Mo 109 ~ 5MQ 


range 
Resistance 


0.5W(70°C) 0.75W(70°C) 
OW (125°C) OW (125°C) 


200V DC 300V DC 
or power rating, whichever is smaller. 


100mA or power rating, whichever is smaller. 


Power ratings 


Max. input 
voltage 


Max. wiper 
current 


Electrical angle, 2 : ° 
Electrical 
Continuous for full mechanical range 


continuity 


End heii ae 1% or 20, whichever is greater. 


Resolution Essentially infinite 


C.R.V. 
1% or 30, whichever is greater. 


(MIL-R-22097), 
=—§5°C~+125°C 


= 
@ 
x 


max. 


Operating 
temp. range 


Temp. 1000 ~ 2M: 500 ~ 2M0: 

coefficient, +100 ppm/°C +100ppm/°C 

max. 100 ~500: 10,20,5MO 
(—55°C +250ppm/°C | +250ppm/°C +250ppm/°C 
~+125°C) 


Insulation 

1,000Mn (DC500V) 
Dielectric 900 Vrms 500 Vrms 900 Vrms 
strength (1 minute) | (1 minute) 


(1 minute) 
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MECHANICAL 


Mechanical : : ; 

Shaft torque, 20~200 150 20 ~ 150 30 ~350 
max g-cm g-cm g-cm g-cm 
stop strength | 500 g-cm | 450 g-cm | 500 g-om | tkg-cm 
Terminal 


200 cycles 200 cycles 
(AR/Rs=+ (100 ~2000 AR/R#s+(0.50, +3%)), 
- (20+3%)) (5000 up: AR/Rs+(0.50 +2%)) 


Rotational life 


PW, S, X, F 


ENVIRONMENTAL (MIL-R-22097) 


Thermal Shock 
80 ~98%RH, 10 cycles, 240hrs., 
Humidity 
(AR/R S$ 2%) (AR/R s 1%) 


=§5°C ~ +125°C 
(AR/RS1%) (S$.S.= 1%) 


100G 
(AR/Rs1%) (S.S.= 1%) 


. . 20G, 10 ~2,000Hz, 
Vibration 
(AR/R < 1%) (S.S. s 1%) 


70°C, Rated power, 1,000hrs. 
Load life 
(AR/R <3%) (S.S.< 1%) 
Low tempera- —55°C, 2hrs. 
ture operation (AR/R =2%) (S.S.= 2%) (AR/R=1%) (S.S.<2%) 
High tempera- 
ture exposure 


125°C, 250hrs. 
(AR/R<3%) (S.S.<2%) | (AR/RS2%) (S.S.<2%) 


No leaks @ 85°C 


350°C, 3 sec. 


Soldering heat (AR/R<1%) 


AR/R: Change in total resistance $S.S.: Setting stability 


943 


wl 


SAOUIWILAL Jaulsay 


SERIES CT & RJ 


Single Turn Cermet Trimmers 


STANDARD RESISTANCE VALUES 
AND MAX. INPUT RATINGS 


100 
too | 101} 707 | 866} 707 | 86.6 
200 }2o1| too 122 | 500 | 61.0 
500 | soi} 158 | 94 | te | 388 | 
RS 
_aki2o2{ 316 | a7 | 58 | 19.3 
_sk{so2]| 500 | 2 | 00 | 12.2 
20x} 203] 10022 | 5.00 | st 
ask 253} 7 | / frs2iis7_ | / | 7 [448] 5.48 | 
jsok] sos] tsa tga | 316 | 3.88 | 
200k} 204] 200300 | 001.50 
250k | 254] / | / | 200{3o0 | 7 | / [oso] 1.20 
Sook|s04{ 200 {300 | 00 
| imi 105] 200300 | 020 | 0.30 
| 2mi 205] 200300 | oto | ts 
_ sm} sos] / | / | 20ofsoo | 7 | / Joos] 006 
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SERIES CT & RJ 


Single Turn Cermet Trimmers 


DIMENSIONS (in mm/inch) 


CT-6 2 
Unspecified tolerance +0.3 mm/+0.012 inch ar ibs, 


=— CW 
SOLDER PLATE en atten 
290 Noy, 0.6WX2.6L X1.6D ; 3- 60.45 DO cei 
oe £ 0.024Wx 0.1021 x 0.063D /3-0.018DIA [Fo 


CT-6P : es 
\ 
Top adjustment ! 
a | 5.8 EE (EG : 2.5.2.5 
0.276 0.228 9 2760079 0.098 0.098 
SOLDER PLATE 
0.6WX2.6L.X1.6D CW SLIDER 
260 NOM /0.024Wwx0.102L x0.063D Sl lia > 


3-0.018 DIA. 


CT-6W 


Top adjustment 


J 
0.276 


7 58 | 74 
0.276 0.228 g 276 0.079 


SOLDER PLATE 
i 0.6WX2.6LX1.6D 3- $0.45 


Cy 
28 : /0.024W X 0.102L X 0.063D / 3-0.0!18DIA 


CT-6R 


Top adjustment 


0.276 ; 0.276 7 0.079 0.0980.098 


CW SLIDER 
3-0. 01 8DIA. 3 2 CCW 


CT-6V 


Top adjustment 


wl 


§3 1° 0.0794 
° ae | 0.098 0.098 
0.63079 079 
SOLDER PLATE 
3-60.45 0.6WX2.6LX1.6D 
SLIDER (2) 


s CCW “3-0.018DIA / 0.024WX0.102L x 0.063L 


CT-6S 


Side adjustment 


2.5. 3.5 | 3cw eee 

epee lege ee et ate . 

0.098 0.138 rst? 1B .2 
0.295 10.079 0.323 


SOLDER PLATE 


SAOUIUTAL ZOUWAIT 


cw 3-40.45 0.6WX2.6LX1.6D 
aa 3-0.018DIA. SS SN.0.024WX 0. 102L X 0. 0630 
® SLIDER \ 


wfB sf 
~ . oo co 
Side adjustment vi ois 


7 CCW 


0.098 0.138 
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SERIES CT & RJ 


Single Turn Cermet Trimmers 


SOLDER PLATE 
3-60.45 0.6WX2.6LX1.6D 
0.024W X 0.102L X 0.063D 


3-0. 018DIA. 


CT-6H 


Side adjustment 


0. 276.28 pos 


S es fF if i r ol 
2 Cw -_—- | _ ash 
0 SS . 0.276 40079 0.181 ‘ch tes 
098 0.138 9542 8.2 One) Sir Pees 
0.374 +0079 0.323 


CT-6 for automatic insertion 


Unspecified tolerance +0.3 mm/+0.012 inch Taped Version 


| ,000 pcs per reel 


.020 
CT-6TV 020 ~o20 
Top adjustment (0.50 +020 mm) 


500 276 +0.012 
jojo mn. OE _ (7.00 +0.30 mm) 
137 +.012 
117 MIN. el 
710 + .030 


(3.00 mm MIN.) 


See f 


| | (3.50 + 0.30 mm) 
(18.0 + 0.76 mm) 


350 "20 76 +.039 i}: 
——_—__*— 87 S099 ES units To EON SAME 
(8.89 *0-75 mm) [ee (24.80 + 1.0 mm) PLANE WITHIN + 5°. 
ae DIA. 710 *:040 8 
(4.00 +0.30 mm) —.020 


+.012 


500 ap (16:0 75 ram) 


(12.70 9-30 mam) 


ie .250+.020 


((6.35 +0.50 mm) 


020 *:020 
CT-6TH eee ee 
Side adjustment (0.50 *3-25 mm) 


.500 


276 +0.012 
(12.70 mm) 


(7.00 +0.30 mm) 


137 £.012 
117 MIN. —e 


50 + 0.30 
710 +.030 (3.00 mm MIN.) | | (3 0.30 mm) 


(18.0 +0.76 mm) 


S4auiluiaAl yautiag EX 


+.030 
00 ~ 020 1.071 +.039 ‘L 
Sonera Oa ati ae W UNITS TO LIE ON SAME 
(8.89 +026 mm) fo (27.20 £1.00 mm) PLANE WITHIN + 5°. 
157 +.012 
ie ee ads, OK. +.040 
(4.00 +0.30 mm) -410 _'929 


+.012 STS oe 
300 —'o10 (18.0 iar mm) 


2.70 9-2 tam) 


-~0.25 .250+.020 


(6.35 +0.50 mm) 
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SERIES CT & RJ 


Single Turn Cermet Trimmers 


Plastic Magazine Version 
75 pcs per stick 


0.6W X 2.6L X 1.6D 


CT-6MP 


Top adjustment 


2 SLIDER 


t 


| CCW 


CT-6MS 


Side adjustment 


3CW 


—+ 
0.098 0.138 


RJ-4 
Unspecified tolerance +0.3 mm/=+0.012 inch 


0.6WX2.5LX0.8D 
0.024Wx0.098L x 0.0310 


RJ-4W 


Top adjustment 


RJ-4WS 


Side adjustment 


10 Ob 
v ou4 


0.220 
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26 0°NOgy ” 0.024W x0 102L x0 0630 


3,0.45 SOLDER PLATED 
/ 3-DIA 0.018 


16.6 


SLIDER CCW 
oth 


0.098 0.098 
3-60.45 
SOLDER PLATED : 0.6W X 2.6L X 1.6D 
3-DIA 0.018 ' 0.024W X0.102L < 0.063D 
Cy . ~ Vos 
35/ee 
+11 * 
pe ee 
iN 
a) 
| a6 L eae 
0.181 jas: oa 
3.1 8.2— 0.276 Feats 
0.122 0.323 
®@ 
@ oO 
=—~ CW 
3-¢ 0.45 “ es 
3-DIA0.018 ra Re 
SOLDER PLATE oo 2 
So A 
oO 


0.177 


0.256+0.059 


SOLDER PLATE 
3-¢0.45 
3-DIA0.018 


0.6W X2.5L X0.8D 
0.024W X0.098L x0.031D 


1.0 +0.2 


0.039 - 0.008 


SJOUIUINAL JOULIII ™N 


0.19772" "" 


947 


S4OUIUNAL 39UI499 <p 


SERIES CT & RJ 


Single Turn Cermet Trimmers 


RJ-6 
Unspecified tolerance +0.3 mm/=0.012 inch 


£ 
3 en Cae | 
reamed 
oa! re 7,042.0 
bea os | | |0.098)0.098| 
210° Noy 0.209 ; | 


RJ-6P 


Top adjustment 


~ 

fe 

+. |Qcc 
o!w- 
ot 
(<=) 


=a Sy abous = / \ 
\ O.5WX2.6LX0.8D  _ [3-04 7 CCW 
bees 0.020W x0. 102L x 0.0310 3-0.016 DIA SOW - 
0.122 DIA GOLD PLATED PIN 
e _ 5.8 1.0 £2.0_ wl 
0.228 + 
ee 2 SLIDER 
; 0.209 | Ne 
= ; = oS 
RJ -6W ae 18 ae 
: .- | oO eS 
Top adjustment rm] 32 
S10 ae 
1 Oo 
y a a ot! 
| A } ‘ 
(93.1 \ 0.5WX2.6L X0.8D 3-f0.4 cs bee COW 


0122 pia 0-020WX 0. 102L x0.031D 3-0.016 DIA 0.138 
7 GOLD PLATED PIN 


2. ot 


0.260° 8 jak 
| | 


RJ-6S 


Side adjustment 


_ 370.4 0.5WX2.6L X0.8D 
3-0.016 DIA 0.020W x0. 102L x 0.031D 


GOLD PLATED PIN 


8.52.0 | ea 
| + 0.079 | 0.343 +0.012 
i 0.335 ea 


RJ -6X 


Side adjustment 


aetigcal / 390.4 0.5WX2.6L X0.8D 


3- 0.016 DIA 0.020W X0.102L X0.03!10 
GOLD PLATED PIN 


DCCW 4. 
=< | <x 
RJ -6F 3: 
x 
“1S 
Rear adjustment = ee 
“tc ee 
~@SLIDER po) OS. 


3-0.016 DIA 
GOLD PLATED PIN 


0.173 0.173 
0.5W X2.6L X0.8D 
0.020W x0. 102L x 0.0310 
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SERIES CT & RJ 


Single Turn Cermet Trimmers 


RJ-13 
Unspecified tolerance +0.3 mm/=+0.012 inch 


nw 


Wi 


0 O!l6 
0.004 


RJ-13P 


Top ajustment 


0.488 DIA’ 


ve 3 $0,740.05 | 0.7WX5.0LX1.0D 
(CW eccw 3-0.028 DIA _ 0.028W x0. i97LX0.039L 
GOLD PLATED PIN 


GOLD PLATED PIN 
3-6 0.7 £0.05 7.3 0.7WX5.0LX1.0D 


3-0.028 DIA 0.028W X0.197L X0.039D 
co 
am 
a : 


a : hs 
RJ-13S 2 a 
z ray be 
Side adjustment < aie 
fore) | eal | 
> | ee 
- 
3CW 
git 7.5220 | R688 
Gane oO 0.295. 70.079" 9.535 "hi tins 
2.5 2.5  2.022:0,7.549-5 7:0 1.0 
0.05870 09g 2 SLIDER lr” 0.276 10.295 1 0.276" 0.039 
7 | 70.079 | + 0.020 ' 
| | 
| Lj wo 
= F 2 REO PAINT SHAFT DETAILS 
RJ-13B =e 
o x 
Panel mount ge C aE I! 0.6 
| tH O078 


ih NUT,MS.W=3.2 
3- 40.7 £0.05 NUT.M5.W=0. 126 
3-0.028 DIA , WASHER 0.8t 
GOLD PLANTED PIN WASHER 0.031% 


0.7WX3.8LX1.1D 


0.028W x0.150Lx0.043D 7 
210° NOs 


[pase 


Gow 


“O16 DIA 


RJ-13PR 


Top adjustment 


0.48870 


3cW | | CCW fi UA ae MO.2 
3-0.028 DIA - 0 002 M0 .008 
GOLD PLATED PIN KNURL 


GOLD PLATED PIN 
3- $0.7 £0.05 
3-0.028 DIA 


RJ-13SR ater 
n|om s 
| | Syo Ss 
Side adjustment ~ 7 
/ 

: a es M0.2 

0 295 re ee OY NES MO. 008 

eae 0.535 °t ana KNURL 
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SERIES CT & TM 


Multiturn Cermet Trimmers 


STANDARD SPECIFICATIONS 


ELECTRICAL 


Model No. 
re 


ton~sMa_| 500~2Mo 


Resistance 
tolerance 
rors [erie 

Max input voltage 300V DC or power rating, whichever is smaller. 


Max. wiper current 100mA or power rating, whichever is smaller. 
Continuous full mechanical range. 


Temp. coefficient, 
max. 
(—55°C +t 125°C) 


Electrical continuity 


End resistance, 
max. 


Essentially infinite 


C.R.V., max. 0 . 
(MIL-R-22097) 1% or 30, whichever is greater. 
Operating temp. ; ba ; 


Dielectric 
strength 


+10% 


1% or 20, whichever is greater. 


500-2MQO 
+100ppm/°C 

100, 200 
+250ppm/°C 


600 Vrms 
(1 minute) 


500-2m0 
+100ppm/°C 

109 200, 5MQ 
+250ppm/°C 


+100ppm/°C 


Insulation 
900 Vrms 
(1 minute) 


MECHANICAL 


Mechanical 


Shaft torque, max. 360 g-cm 200 g-cm 
Mechanical stop Clutch action 


Terminal strength, 


200 cycles 
Rotational life 


(100 ~2000 AR/R S(0.50+3%)) (AR/RS 
(S000 ~5MO AR/RS(0.50+2% (20+3%)) 


<(0, )) 
PW, X PW, S, X 


ENVIRONMENTAL (MIL-R-22097) 
=65°C ~1125°C, 


Thermal shock 
Thermal shock (AR/RS 1%) (S.S.= 1%) 


80 ~ 98% RH, 10 cycles, 240 hrs., 
Humidity 
(AR/R < 1%) (AR/R S2%) 
Shock 100G, 
[Shock (AR/R<1%) (S.S.< 1%) 
Vibration 20G, 10~2,000Hz, 
(AR/R <1%) (S.S.<1%) 


70°C, Rated power, 1,000 hrs. 
. . AR/R<3% 
eats (AR/R<2%) (S.S.<1%) ( aks iy 


=59°C, ¢< hrs., 


Low temperature 
operation 


AR/RS1%) (S.S. 52% (AR/R S2%) 
ides: mall (S.S.<2%) 


125°C, 250 hrs., 


High temperature 
exposure 


AR/R<2%) (S.S.<2% (AR/R =3%) 
| eal a (S.S.<2%) 
No leaks @ 85°C 


Soldering heat 350°C, 3 sec. 
(AR/R< 1%) 


AR/R: Change in total resistance 
S.S.: Setting stability 
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SERIES CT & TM 


Multiturn Cermet Trimmers 


STANDARD RESISTANCE VALUES 
AND MAX. INPUT RATINGS 


ce CC 
P20 
70. 
0 


Ht 
N\ 


5.00 
112 any 4.48 
3.16 
2.24 


1.50 


wT]o 
—_ 1) 


NO 
Oo 
o>) 


inl 


—h 
ol 
1e°) 


NO 
NO 
BAN 


100K 
200K 204 
250K 254 
500K 504 


(ee) 
a) 


0 


ol 
(jo) oO 
Ww 
io) 
Wi} w]oO 
O;O ff} 
on ke 
— 
NO 
fo) 
fo) 
ow 
fo) 


——h 
oO 
- |! 
on 


NO 


Lik 
Oo 
ie) 


\ 
\ 


\ 
\ 


Oo 
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SERIES CT & TM 


Multiturn Cermet Trimmers 


DIMENSIONS (in mm/inch) 
CT-20 (15 turn) 


Unspecified tolerance: +0.3mm/+0.012 inch > 
@ oe 
$2.5, Solt 0.6W X0.8D =— CW 
0.098 DIA 
Slot 0.024W x 0.031D 


CT-20P 


Side adjustment 


3-¢0.5 0.500 0.130 
SOLDER PLATED 


‘ . 3-0.020 DIA 
(CCW @SLIDER 


$2.5, Solt 0.6W X0.8D 


0.098 DIA 
Slot 0.024W x 0.031D 


CT-20X 


Side adjustment 


17.8 0.299 0.6 
3-0.5 


SOLDER PLATED al 0.024 
/ 3-0.020 DIA 
@ccw @SLIDER 
CT-9 (18 turn) @ 
Unspecified tolerance: +0.3mm/+0.012 inch & ia — 
$2.3, Slot 0.6WX0.8D . 
— 0.091 DIA 3- 40.5 
7 Slot 0.024W X0.031D SOLDER PLATED . 
: 3-0.020 DIA 

Side adjustment [° ~ QSLIDER 3 & 


0.043 0.189 


0.21728 918 0.276 + 0.079 


y 
3 
® 
Pe, 
| 


$2.3, Slot 0.6W X0.8D 


0.09! DIA 3-¢0.5 
Slot 0.024W X0.031D SOLDER PLATED 


: 
: 
? 


3-0.020 DIA 
CW co 
loz) 
CT-9W Be @SLIDER S 
a}~ Pe) 
Top adjustment = Occw 00 S 
zs =) 
0217' Gote : 0.197Min. 0.106 
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SERIES CT & TM 


Multiturn Cermet Trimmers 


$2.3, Slot 0.6W X0.8D 


0.091 DIA Slot 0.024W x 0.0310 
3- 80.5 SOLDER PLATED 


3-0.020 DIA 


CT-9X 


Side adjustment 


iS) 

” 

c 

jo) 

m 

2 

8 

0.098 0!098 


0.2177 One 0.378 0.197Min. 0.106 


CT-9TX 0207 ise 


(0.50 02) mm) 


+.016 
500 217 004 


(12.70 mm) 
S710 030 


(18.0 + 0.76 mm) 


(52077. mm) 


N06. 2.012 


(2.70 +£0.30 mm) 


.079 max 


+.030 (2.00 mm) 
O50). 1.087+ .030 re 
ice hea ao (2760 + 0.76 m 0.76 mm) 77 ¥-~ UNITS TO LIE ON SAME 
(8.89 +276 mm) oe 27.60 PLANE WITHIN + 5°. 
NST £012 DIA. 710 +.040 * 
(4.00 +0.30 mm) -.020 


+.012 ee ee 
500 _'o10 (18.0 +200 mm) 
(12.70 +3323 mm) 250 +015 
(6.35 + 0.38mm) 
+.020 
CT-9TW fOD ecco 
7 
500 — soa ies 
os oe Bos ee 0.40 
12.70 (5.50 ". 5 tim) 
me i 106 4.012 
710 + .030 (2.70 +0.30 mm) 


(18.0 + 0.76 mm) 


S4DUIWITAL JOUIBD ND 


+.030 .030 
1350 "650 1.130 + 


See FimO) 28.70 +0.76mm 
(8.89 +0.76 Wm) eae | ( 


-0.51 


er UNITS TO LIE ON SAME 


57° 2.012 PLANE WITHIN + 9S’. 


Species LA, 
(4.00 +0.30 mm) 


.012 
.900 O10 (18.0 - mm) 
(12.70 +032 mm) 250 +.015 Deviation from center lead 
ee ee at nominal when measured from 
(6.35 + 0.38mm) 
center lead. 
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SERIES CT & TM 


Multitum Cermet Trimmers 


TM-7 (3 turn) 


Unspecified tolerance: +0.3mm/=+0.012 inch 


554 


TM-7P 


Top adjustment 


TM-7W 


Top adjustment 


™.-7S 


Side adustment 


TM-7X 


Side adjustment 


2.5, Slot 0.6W X0.7D 


0.098 DIA 
Slot 0.024W x 0.028D 


$7.2234 
DIA 0.283 *29:8 


$2.5, Slot 0.6W X0.7D 


0.098 DIA 
Slot 0.024W X0.028D 


0.059 


0.331 * 5 dos 
AS 


@SLIDER @cw 


0.331 *Se5 
0.3 
0.012 


0.276 + 0.008 


+0016 
-0.004 


0.283 


DIA 


3-40.45 SOLDER PLATED 


3-0.018 DIA 


0.098 DIA 
Slot 0.024W x 0.028D 


0.28373 :008 


3-¢0.45 SOLDER PLATED 
3-0.018 DIA 


gt2 8.4 


0.354 + 0.008 fa 
: N 


Ng 


$2.5, Slot 0.6W X0.7D 


0.098 DIA 
Slot. 0.024W x 0.028D 


0.283 * 0008 


3-¢0.45 SOLDER PLATED 
3-0.018 DIA 
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SERIES 2322-410/483/482/484 


Single Turn Consumer Grade Trimmers 


RATINGS AND CHARACTERISTICS 

a. Cee eT 

a A Se 
410 483 482 484 


Temperature characteristic of < +300 ppm/°C 
+100 ppm/°C 


resistance: (20° to 70°C) > —500 ppm/°C 
-For 100 ohm <R <470 ohm 
For 1kohm < R < 2M2 
For R = 4, 7Mohm 
For R< 100 ohm 


+100 ppm/°C 


+500 ppm/°C 
+300 ppm/°C 
+1000 ppm/°C 


+250 ppm/°C 


Power rating: .1 watt @ 40°C .1 watt @40°C 5 watt @ 70°C 5 watt @ 70°C 
.05 watt @ 70°C .05 watt @ 70°C derated derated 
.025 watt @ 85°C linearly to 0 watt linearly to O watt 
@125°C @125°C 
Operating voltage: 150 V max 150 V max 250 V max 250 V max 


Isolation voltage: 220 V 220 V 220 V 220 V 


Vibration severity: 10 Hz to 500Hz 10 Hz to 500Hz 10 Hz to 500 Hz, 10 Hz to 500 Hz, 


0.75mm or 98 m/s2 0.75mm or 98 m/s2 0.75mm or 98 m/s2 0.75mm or 98 m/s2 
(whichever is less) (whichever is less) (whichever is less) (whichever is less) 
Limits of resistance change + (10% R + 0.50hm) +(10% R + 0.50hm) + (2% R + 0.20hm) 


(a to c) (after 1000 h electrical +(20% R + 1ohm) 


+ (2% R + 0.20hm) 
endurance test) for value 4.7M 


Starting torque: 3.5 to 25mNm 1.5'to 10mNm 


Running torque: 2 to 10mNm 3 to 20 mNm 3 to 20 mMNm 
ratio max <3 
min 


ratio max <3 
min 
Total mechanical travel: 260° +5° 306° +5° 245° 5° 300° +5° 
Effective electrical travel: 200° +10° 285° +10° 200° :=10° 3 285° +10° 


Limiting slider current: Details of specification Pmax Pmax Pmax 
available on request vRnom yvRnom vRnom 
Minimum effective resistance: < 2% Ror 10 ohm Pte eg 


Terminal resistance: < 100 mohm < 2%R or 10 ohm < 0.5%R or 2 ohm < 0.5%R or 2 ohm, 
(whichever is greater) (whichever is greater) (whichever is greater) 
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S4IUIWIAL 39UI19 = 


SERIES 2322-4101483/1482/484 


Single Turn Consumer Grade Trimmers 


PACKAGING 


CARBON | CERMET 
410 483 482 484 
ANTI-STATIC RAILS ANTI-STATIC RAILS 


MARKING 


OPEN CARBON (410) 
The potentiometer is marked with the rated resis- 


tance value. 

e.g. 220 ohm = 220R 
10 kohm = 10K 
1 Mohm = 1MO 


The rated resistance value is designed in R.K.M. 

code according to IEC 62 with letter (number) 

punches on the wiper or knob. 

The package is marked with: —code number 
—date of production 
—quantity 


ENCLOSED CARBON (483) / CERMET (484) 
The potentiometers are marked with the rated 
resistance value. 
e.g. 2200hm=220R 
10 kohm = 10K 
1 Mohm = 1MO 
The rated resistance value is designed in R.K.M. 
code according to IEC 62 with letter (number) 
marked with stamping ink on the front side. 
The package is marked with: —code number 
—date of production 
—quantity 


OPEN CERMET (482) 
The potentiometer is marked with the rated resis- 


tance value. 

e.g. 2200hm= 220R 
10 kohm = 10K 
1 Mohm = 1MO 


The rated resistance value is designed in R.K.M. 

code according to IEC 62 with letter (number) 

punches on the wiper. 

The package is marked with: —code number 
—date of production 
—quantity 
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SERIES 2322-410 


10mm Open Carbon Trimmers 


HOW TO SPECIFY 


V 
Potentiometer 
Code Type 


e Without knob 


Resistance 
Code | Value 
1000 


eo 2200 
93 4700 


04 1kO, 
99 2,2k0 


Horizontal version 
Plug-in type 
Longitudinal slot 


Vertical version 
Plug-in type 

Longitudinal slot 
(raised version) 


Vertical version 


Flat knob Plug-in type 56 4,7kO 
Type | Longitudinal slot 57 10k 
Rem. 1 (normal version) 58 99kO 


09 47kO, 


61 100k0 
62 220kO 
63 470k0, 


64 1MQ 
= 2,2MQ 
4,7MQ 


3 3300 
91 470 


Flat knob 
Type II 


Rem. 2 


7 


Rem. 1: 
Designed for 
versions: 2322 410 050 


Rem. 2: 

Designed for 

versions: 2322 410 011 
033 


S4QUIWILL JaULIaD 
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SERIES 2322-410 


10mm Open Carbon Trimmers 


0.1 


2322-41 0-011 Note: — Surfaces marked with “S” are solderable. 


— Nodimensions for gauging. 19202 


0.8 + 0.15 


1.6 + 0.25 


— Dimensions in mm. 


Design cross slot 


Design 
longitudinal 
slot 


Mounting 


surface 


| 5 0.2;3:.0,05 


These 
25+ 0.2 


Hole pattern 

for P.W. board 

-Pierced component 
hole: 8 1mm 

-P.W.-board thickness 
1.6 +0.24/-0.14 
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SERIES 2322-410 


10mm Open Carbon Trimmers 


Note: — Surfaces marked with “S” are solderable. 
— Nodimensions for gauging. 


19+ 0.2 
0.8 + 0.15 


1.8 + 0.25 
0.8 + 0.1 


— Dimensions in mm. 


2322-410-050 


Design cross slot 


Design 1O 30.2 


longitudinal 
slot 


0.8+ 0.1 


Mounting 


surface 


Hole pattern 

for P.W. board 

-Pierced component 
hole: 8 1mm 

-P.W.-board thickness 
1.6 +0. 24/-0.14 


Note: — Surfaces marked with 
“S” are solderable. 
— No dimensions for gauging. 


— Dimensions in mm. Design cross slot 


0.2 + 0.05 


Design 
longitudinal 
slot 


105 2 02 


Mounting 
surface 


44+0.2 13.5 + 0.2 


Hole pattern 

for P.W. board 

-Pierced component 
hole: 8 1mm 

-P.W.-board thickness 
1.6 +0.24/-0.14 


a 
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SERIES 2322-410 


10mm Open Carbon Trimmers 


2322-410-450 


@ 10+ 0.1 


IMT 
mn 


Note: — No dimensions for gauging. 
For other data see Appendix A. 


2322-410-611 


$11.4+0.2 | 


All 


| 


2322-410-633 


¢114+0.2 
HL 
TTT 


These potentiometers offer stable, high quality performance and can be mounted by automatic 
insertion machines. They are designed for video, audio and industrial applications. Versions 
with a knob to facilitate adjustment are available. 
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SERIES 2322-483 


10mm Enclosed Carbon Trimmers 


7 Snap-in tags 
Rail packaging» 
LIN +20% 
Slide tags 
Rail packaging 
LIN +10% 
Slide tags 

Rail packaging 


Rem. 1: 
No snap-in tags. 


HOW TO SPECIFY 
2322 483 X X XXX 
Se. 
V V V 
Potentiometer. | Law + Tolerance — Type Resistance 
Type Code PW Tags — Packaging Code Value 
Vertical 101 1000 
0 Non-Insulated 221 2200 
| 471 4700. 
Vertical 102 1kO 
1 Insulated 1 222 2,2k0 
hexagonal slot 472 4,/kO 
Vertical LIN +20% | 103 10kQO 
2 Insulated 2 Snap-in tags 223 22k. 
cross slot Bulk packaging 473 47kO 
Horizontal LIN +10% 104 100k 
< Non-insulated 3 Snap-in tags 224 220kO. 
cross slot Bulk packaging 474 470k 
Horizontal LIN =20% 105 
Insulated 4 Slide tags 220 
hexagonal slot Bulk packaging 475 
Horizontal LIN =10% 
7 Insulated 5 Slide tags 
, cross slot Bulk packaging 
LIN +20% 
Snap-in tags 
Rail packaging 
pts LIN +10% 


These potentiometers are for preset resistance control with provisions for readjustment. They are 
particularly suitable for use in radio and television receivers. This series includes types for vertical 
and horizontal mounting on printed circuit boards. Snap-in pins and cross slot are available 
on request. 
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SERIES 2322-483 


10mm Enclosed Carbon Trimmers 


2322-483-02.. .thru 09 


Vertical version, non-insulated hot wiper with cross slot. 


<57* 9.8 +:0.2* 


Contractor 
position 
indicator 


Hexagonal 2 + 0.1 
12.0 + 0.2* 


Mounting 
surface 


Slide tags 
**' 0.3 +002 
2.5 £025* 


Rem.: Snap-in tags 
available 


2.5+ 0.05 


Dimensions in mm 
* For gauging 
Incl. burrs: max. 04. x 1.2 


Hole pattern for P.W. board: st 
Pierced component hole: @ 1.3 
P.W. board thickness: 1.6 + 0.24 


- 0.14 


Mounting 
surface 


slide tags 


** 0,3: 002 


Mounting 
surface 


Snap-in tags 


2322-483-12.. .to/incl. 19 


Vertical version, insulated cold wiper with hexagonal slot. 


OM 


bit 


2.5 + 0.25* 


3.6 + 0.2 


Hole pattern for PW. board: 
Pierced component hole: 6 1.3 
P.W. board thickness: 1.6 + 0.24 


562 


- 0.14 


Contractor 
position 
indicator 


Hexagonal 2 + 0.1 


| 0.3 + 0.02 * * 


9.8 + 0.2* 


12.0 + 0.2* 


2.5+ 0.05 


5.0 + 0.05 


Dimensions in mm 
* For gauging 
** Incl. burrs: max. 04. x 1.2 
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SERIES 2322-483 


10mm Enclosed Carbon Trimmers 


2322-483-22. . . thru 29 


Vertical version, insulated cold wiper with cross slot. 


9.8 + 0.2* 


PEN ig 


Contractor 
position 
indicator 


12.0 + 0.2* 


Mounting 
surface 


slide tags 


**. 03 + 0,02 


Mounting 
surface 


2322-483-52. . . thru 59 


Horizontal version, non-insulated hot wiper with cross slot. 


3.6 + 0.2 | 


<5.7* Contractor 
_ position 
indicator 


SHeawee 
Cr a ot 
Snap-in tags 


5.0 + 0.05 


Hole pattern for P.W. board: 
Pierced component hole: @ 1.3 Dimensions in mm 
P.W. board thickness: 1.6 + 0.24 * For gauging 


- 0.14 ** Incl. burrs: max. 04. x 1.2 


* 
cS 27 


10 + 0.4* 
2.4+0.1 


12.0 + 0.2* 


| 0.3 + 0.02 * 


| 


ad 


Slide P.W. tags 


a [1 “ar” c 
5+0.25* 
min. 0.5 
Mounting | | 


surface 3.5 +.0.25 = 62.4 


Snap-in P.W. tags 


5.0 + 0.05 


svouiuiy, zausag EX 


| 0.3 + 0.02* * 
5.0 + 0.05 


HESNP SERS ee 
USRRENARABERE & BI 
C2 aes 


5.0 + 0.05 


Hole pattern for P.W. board: 


Pierced component hole: 9 1.3 Dimensions in mm 
P.W. board thickness: 1.6 + 0.24 * For gauging 
- 0.14 ** Incl. burrs: max. 04. xX 1.2 
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SERIES 2322-483 


10mm Enclosed Carbon Trimmers 


2322-483-62.. . thru 69 


Horizontal version, insulated cold wiper with hexagonal slot. 


. Contractor 98+0.2* 
= 6.7 position 
indicator 


+ 0.4* 


120402" 


| 0.3 + 0.02 ** 
10 


an 
% — ah ome res 
Slide PW. tags ee, te 
5 + 0.25" 
| | min. 0.5 


3.5 = 0.25 


Mounting 
surface 


Snap-in P.W. tags 


2322-483-72.. .thru 79 


Horizontal version, insulated cold wiper with cross slot. 


Contractor 
position 
indicator 


‘| 0.3 + 0.02* * 


* 
- ~ 
N °o 
| S ge 
+H *'4,O 
° nu] 
Nig o 
Hole pattern for P.W. board: —To °o 
Pierced component hole: @ 1.3 4H H 
PW. board thickness: 1.6 + 0.24 ° pe 
- ra) 
- 0.14 
oO 
=> 62.4 Se acta 7 oF. a — * OK —_ 
| 1-0. c 
Slide P.W. tags ao uf 
5 + 0.25* 
min. 0.5 
Mounting | | 
ce surface > 924 
222 
i ed: [| 
ro | tT 
Hen Tt 
eZ oooh Snap-in P.W. tags 
Ye) Lt 


5.0 + 0.05 
5.0 + 0.05 


NP ARREEENP RH 
USERRA ROR RRB EAs 
etd a 
9.0 + 0,05 


S4ouWuLy, Jauiiag BX 


10.3 + 0.02* * 
5.0 + 0.05 


weaH 
HRN? ARPES aH 
DSSEERSReR eee 
EE he od ee 
5.0 + 0.05 


Dimensions in mm 
* For gauging 
** Incl. burrs: max. 04. x 1.2 | 


Hole pattern for P.W. board: 


Pierced component hole: @ 1.3 Dimensions in mm 
P.W. board thickness: 1.6 + 0.24 * For gauging 
- 0.14 ** Incl. burrs: max. 04. x 1.2 
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SERIES 2322-482 


10mm Open Cermet Trimmers 


HOW TO SPECIFY 


V V | V 
Potentiometer Resistance 
Code Type Code | Tolerance Law Code Value 

Horizontal 1000 

2 (asymmetric) 20% Lin 1500 
Longitudinal slot 
Vertical 

2 2 10% Lin 
Longitudinal slot 
Horizontal 


(symmetric) 
Longitudinal slot 


Horizontal 
(asymmetric) 
Cross slot 
Vertical 

7 
Cross slot 
Horizontal 
(symmetric) 
Cross slot 


7 


S49UIWNAL 3QULIB 


These potentiometers are for preset resistance control with provision for re-adjustments. They. 
are particularly suitable for use in professional apparatus and/or in those applications where 
stability is of extreme importance. They are available in versions for horizontal and vertical mounting 
on printed circuit boards. 
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SERIES 2322-482 


10mm Open Cermet Trimmers 


2322 482 3... . (Longitudinal slot) 
and 7... .(cross slot) 


Surfaces marked with “S” are solderable. 


Delivery state | O° ae 12° 


Mounting 


surface 


0.9 + 0.05 
5.08 + 0.2 


Hole pattern for mounting 1.9 20.1 
on a printed wiring-board. Note: — Surfaces marked with “S” are solderable. 


2322 4824... . (Longitudinal slot) 
and 8... . (cross slot) 


Design 
actuating 
slot = 


-—oOo 
> +H 
0.9+0.15 
+ ; 
e = 254mm 1.9 + 0.1 Mounting 
Hole dia : 1.3 + 0.13mm i eorfaee: 
All dimensions in mm. 
Design 
actuating 
slots 


09 20,15 


[1.9 +01 
1.94 0.1 


S4aumiua, jauiag ES 
Delivery state | O° + 12 


e = 2.54mm 


Hole pattern for 
mounting on a printed wiring boar 


Hole dia: 1.3 +0.138mm 


Dimensions in mm. 


Le ee | halt 
a an 

Ee ee te 
Ft el lees | 


566 Mepcopal Company ° 11468 Sorrento Valley Road ° San Diego, CA 92121 « (619) 453-0332 ¢ FAX: (619) 481-1123 


SERIES 2322-484 


10mm Enclosed Cermet Trimmers 


HOW TO SPECIFY 


V 
Potentiometer 
Type 


Vertical 
Insulated 
hexagonal slot 


Vertical 
Insulated 
cross slot 


Horizontal 
Insulated 
pe hexagonal slot 
Horizontal 
7 Insulated 
cross slot 


LIN +10% 
Slide tags 
Rail packaging 


Law + Tolerance — Type Resistance 
Code PW Tags — Packaging 


LIN =20% 

2 Snap-in tags 
Bulk packaging 
LIN =10% 

a Snap-in tags 
Bulk packaging 
LIN =20% 

4 Slide tags 
Bulk packaging 
LIN =10% 

5 Slide tags 
Bulk packaging 
LIN =20% 
Snap-in tags 
Rail packaging 
LIN =10% 

7 Snap-in tags 
Rail packaging 
LIN +20% 
Slide tags 
Rail packaging 


These potentiometers offer stable high quality performance and can be mounted by automatic 
insertion machines. They are designed for video, audio, and industrial applications. Versions for 
vertical and horizontal mounting are available. A hexagonal slot version can be provided with a knob 


to facilitate manual adjustment. 
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SERIES 2322-484 


10mm Enclosed Cermet Trimmers 


2322 484 22.. .to/incl. 29... 


Vertical version, insulated cold wiper with cross slot. 


* 
er 98+ 0.2 


Contractor 
position 
indicator 


1204 0.2* 


Mounting 
surface 


slide tags b | 
** 032002 : 
20 + 0.25" | Se 0.25" | 


Mounting 
surface 


1.6/+0.2 


36+0.2, 
2.5 + 0.05 


2322 48412.. .to/incl. 19... 


Vertical version, insulated cold wiper, hexagonal slot. 
Snap-in tags 


=5.7" 


Contractor 
position 
indicator 


Hole pattern for P.W. board: 
Pierced component hole: @ 1.3 
P.W. board thickness: 1.6 + 0.24 


- 0.14 


Dimensions in mm 
* For gauging 
** Incl. burrs: max. 04. x 1.2 


Hexagonal 2 + 0.1 
12.0 + 0.2* 


Mounting 
surface 


slide tags b ! 
=* 032. 002 


1.1.- 0.1;** 


250.25" | 5 0.257 | 


Mounting 
surface 


3.6 + 0.2 | 
2.5 + 0.05 


4 


Snap-in tags ‘25+04 


60-22 0.05 


Hole pattern for P.W. board: 
Pierced component hole: @ 1.3 Dimensions in mm 
P.W. board thickness: 1.6 + 0.24 * For gauging 


- 0.14 ** Incl. burrs: max. 04. x 1.2 
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SERIES 2322-484 


10mm Enclosed Cermet Trimmers 


2322 484 72.. thru 79... 


Horizontal version, insulated cold wiper with cross slot. 


Contractor 
position 
indicator 


+04* 


120+0.2* 
*x 


aa 
10 


. eee a a * * c = 
Slide P.W. tags US skh ] 


5 + 0.25* 


Mounting 
surface 


3.5 + 0.25 Hole pattern for P.W. board: 
Pierced component hole: @ 1.3 
P.W. board thickness: 1.6 + 0.24 


- 0.14 
Snap-in P.W. tags ° 


2322 484 62.. thru69... 


Horizontal version, insulated cold wiper with hexagonal slot. 


r Contractor 
= 57 position 
indicator 


| 0.3 + 0.02* * 


+ 0,4" 


12.0+0.2* 
* 
2+0.1 


| 0.3 + 0.02 * 
10 


Hexagonal 


Slide P.W. tags 


| | min. 0.5 


3.5 + 0.25 > $2.4 


Mounting 
surface 


5.0 + 0.05 


1,7 2015 
Snap-in PW. tags 


5.0 + 0.05 


C2 a. Whee 
5.0 + 0.05 


5.0 + 0.05 


Dimensions in mm 
* For gauging 
** Incl. burrs: max: 04. X 1.2 


SAOUIUNTAL JOUAIBTD Rng fl 


10.3 + 0.02" * 
5.0 + 0.05 


it PALA TT ALA TY 
OF SESS SERBS OR 
peg Fe ee 
9.0 + 0.05 


Hole pattern for P.W. board: 


Pierced component hole: @ 1.3 Dimensions in mm 
P.W. board thickness: 1.6 + 0.24 * For gauging 
- 0.14 ** Incl. burrs: max. 04. x 1.2 
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Non-Linear Resistors 
QUICK REFERENCE INDEX 


METAL OXIDE VARISTORS: UL FILE #E 98144 VDE FILE #14480-4790-1001/AIF 


Philips Maximum 
Components Size Range R.M.S. Insulation Non-Repetitive 
Series Inches (mm) Working Voltage DC Voltage Voltage Transient Current Page 
592 thru 596 .276 to .945 14 to 550 18 to 745 2500V 50-6500A 573-594 
(7 to 24) 
95 


NTC Thermistors 


Operating 
Philips Resistance Maximum Thermalt Temperature 
Components Range Dissipation Time Constant Range 
Series 25°C (ohms) °K (watts) (seconds) (°C) Page 


610-0 LEADLESS 4 to 33 2800 to 3250 
DISC 
610-1 RADIAL 4 to 33 2800 to 3250 —25 0 +425 601 
LEADS 
626-1 GLASS PROBE 1,000 to 2075 to 4100 10 —55 to +300 602 
HIGH TEMP 1,000,000 


626-2 GLASS PROBE 1,000 to 2075 to 4100 .100 1.5 —55 to +300 603 
HIGH TEMP 1,000,000 


633-0 MINIATURE 1,000 to 2075 to 4100 8.5 —55 to +200 
BEADS 1,000,000 
RADIAL LEADS 
633-1 MINIATURE 1,000 to 2075 to 4100 8.5 —55 to +200 605 
BEADS 1,000,000 | 
AXIAL LEADS | 
633-2 GLASS PROBE 1,000 to 2075 to 4100 —55 to +200 
1,000,000 
640-6 RADIAL LEADS 2.700 to 3977 to 4570 250 11.0 —40 to +150 607 
470,000 
STEEL HOUSING 2.700 to 3700 to 3997 285.0 —25 to +130 
12,000 
642-6 RADIAL LEADS 3.3 to 2675 to 4125 17.0 —40 to +150 615 
2.200 
642-7 ALUMINUM 3.3 to 2675 to 4125 500 75 —40 to +150 619 
HOUSING 2,200 
644-9 CURRENT 2.5 to 82 2975 to 4650 2.5 to 115 to —25 to +155 623 
LIMITING 7.4 148 
645-0 RADIAL 5,000 to 3965 100 8.5 —40 to +150 627 
LEADS 10,000 


TtThermal Time Constant: The time (in seconds) required for a thermistor to change 63.2% of the total difference between its initial and final body 
temperature, when subjected to step-function change in temperature under zero-power conditions. 


Philips Resistance Switch 
Components Range Temperature Maximum 
Series 25°C (ohms) °C Voltage 


RADIAL 5 to 250 80to150 25 VDC Rte | 
LEADS 


661 RADIAL 30 to 50 25to 110. 50 VDC 651 ce 
: LEADS s) 
662 RADIAL 36 to 120 75 to 115 265 VRM 3 653 = 
LEADS Fee 
—) 
| 
% 
| 
o> 
mR 
ak 
g 
iw 
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Non-Linear Resistors 
QUICK REFERENCE INDEX 


Philips Resistance Peak Inpush 
Components Style and Range Current Rated Coil Residual Current 
Series Size Range 25°C (ohms) (A) Resistance at 180 seconds Page 
662-96 DUAL 8 to 43 5.0 to 20.0 140 to 265 15 MA to 0.5 MA 655 
DEGAUSSER VRMS 6.2 ohms 
to 25 ohms 
Philips Resistance Switch 
Components Style and Range een Non-trip 
Series Size Range 25°C (ohms) Current 
CURRENT 1.0 to 120 24 mA to1360 mA | 
OVERLOAD 1900 
OVER 30 to 70 to 150 25 VDC 681 
TEMPERATURE 250 (10°C 
unerea 


680-04 HEATER 160 to 220 145 to 
ASSEMBLIES 265 VRMS 

680-93 HEATER 115 to 245 145 to 
CERAMICS 265 VRMS 


HUMIDITY SENSOR 


Philips Capacitance at 
Components 25°C, 43% RH, Sensitivity Maximum Humidity 
Series 100 KHz 33 to 43% RH Voltage Range 
he ee 122 PF + 15% 0.4 + .05 PF/ 15 AC/DC 10 to 90% a 
9. RH 
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METAL OXIDE VARISTORS 


Zinc Oxide Voltage Dependent Resistor 
U.L. File #E98144 VDE File #14480-4790-1001/A1F 


DESCRIPTION 


GENERAL 

V(oltage) D(ependent) R(esistor)—varistors—have 
a high degree of non-linearity between resistance 
value and applied voltage. This characteristic is 
created by non-homogeneous metal oxide mate- 
rials selected for rectifying action at the interface 
of two crystals. The electrical characteristic of 
the component is the product of a large number 
of these interstitial junctions, forming a complex 
network of series and parallel rectifying junctions. 


The Philips Components product line uses ZnO 
(with doping) as the element material. ZnO offers 
much sharper V-I curves than other commonly 
used materials. 


PHYSICAL 
A disc of low beta metal oxide ceramic with two 
solid tinned copper wires. ZnO’s are epoxy coated. 


ELECTRICAL DATA, see also Table 1 and subsequent 
curves. 
Climatic category 40/125/56 
Insulation voltage 2500 V 
Temperature coefficient of voltage 

at 1mA —0.065%/"C 
Derating (see Fig. 31.) 


Mounting 
Series 592 thru 595 available on Tape & Reel. 
Series 592 and 593 available on Ammo Pack 


Soldering 
Solderability max. 240°C, max. 4s 
Resistance to heat max. 265°C, max. 11S 


impact 
free fall 39.4" (1000 mm) 


Termination Strength 
Tensile strength 2.25 |b (10 N) 
Bending 1.12 Ib ( 5 N) 


Flammability Nonflammable 
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METAL OXIDE VARISTORS 


INTRODUCTION TO METAL OXIDE 
VARISTORS 


Metal Oxide Varistors, also called V(oltage) 
D(ependent) R(esistors), show a high degree of 
non-linearity between their resistance value and 
the applied voltage. They are made of non- 
homogeneous material giving a rectifying action 
at the contact of two particles. The electrical 
characteristic of the conglomeration is deter- 
mined by a large number of crystal contacts 
which form a complicated network of series and 
parallel rectifying contacts. 

These resistors have found a diversity of appli- 
cations in the different sectors of electronics. 
They offer an inexpensive and reliable solution 
for protection of electronic circuits, semiconduc- 
tor components, collectors of motors, relay con- 
tacts, etc. against over-voltages and their 
consequences. 


MANUFACTURING PROCESS 


Crystals of metal oxides, with the right electrical 
and dimensional properties are pressed together 
with a ceramic binder to the shape of discs. After 
a drying period the varistors are sintered at a 
high temperature. Firing time, temperature and 
gaseous atmosphere have an important influ- 
ence on the electrical characteristics. The con- 
tacts are metallized with silver enabling good 
electrical contact. After leads have been sol- 
dered to the contacts the varistors are epoxied 
and laser marked. 

During and after the manufacturing process the 
electrical properties are controlled not only to 
ensure that the varistors are within the specifica- 
tion but also to control stability and reliability. 
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METAL OXIDE VARISTORS 


ELECTRICAL PROPERTIES ted (only to higher values). Equation (1) may 
Direct Current also be written: 
The relation between voltage and current of a | = ae O (2) 
varistor can be approximated by: 

V=C IB in which: 
where V is the voltage in volts, | the current in a = 1/8 (3a) 
amperes and C and B are constants. This equa- and 
tion is illustrated in Fig. 1. In principle the same K = fe 4 
characteristic is plotted for a specific type on a C1/B Ca (3b) 


double logarithmic scale in Fig. 2. For not too 

small values of current this relation is a straight | The varistors do not have a polar effect; this means 
line which follows directly from the equation log that when the voltage is changed from positive 
V =log C + B log I. In this case B is the direc- —__ to negative, the current changes its direction, 
tional coefficient of the straight line. but retains its value. Strictly speaking, Eqs (1) 
and (2) are valid only when the absolute values 
are taken for | and V. In a.c. calculations this may 
be very important. For practical design, reference 
is made to the voltage/current characteristics 
given in the data sheets of the relevant varistor 
types. 


v | 
1 
| 


Practical values and specification 
The C and B-values of varistors depend on the 
pose ea of the ego and on ae abel 
7 io ara used in the processing; furthermore, the C-value 
rg. Aaa veies fe hess in al characteristic of a varistor when plot- depen ds sa the steno and the dimensions of 
the varistor. Practical B-values are B = 0.02 to 
0.035. 
It is inherent to the material properties that the 
bm c/s Me Aas || 8-value of a varistor with a low C-value will 
always be higher than that of a varistor with a 
high C-value. Practical C-values range from 14 
toa lee thousand. As he ne = js ey 
p>. compels a minimum thickness and, as will be 
a seen further, enlarging of the surface area gives 
4 oo eee ee = HHH little change in the C-value, the latter has for 
ae practical reasons a limited lowest value. 


According to Eq. (1) it is possible to specify the 
ii mii ant itt electrical characteristics of a varistor by giving its 
C and B-values. The advantage of this specifica- 
i Rs ti ee ee > 10° tion is that only two parameters are used. The 
disadvantage is, however, that due to the 
inevitable tolerances on the B-values, the 
spread in voltages at low currents (in the work- 
— ing area) becomes very large. It is for this rea- 
son that the method of specifying by the C-value 
defined at 1 A is abandoned and we now specify 
In order to determine the exact values of the the voltage across the varistor at currents which 
constants C and B it is necessary to measure _ lie in the working area (1, 10 or 100 mA instead 
three points of the characteristic. Only when _ of 1 A). In this way it is possible to supply varis- 
these are on a straight line when plotted on a___ tors which have much closer tolerances in the 
double logarithmic scale, is extrapolation permit- | area where they are used, see Fig. 5. 


—» I 


m0 C= = Smit 


Fig. 2 Voltage/current characteristic of a varistor plotted on a logarithmic 
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METAL OXIDE VARISTORS 


Varistors in series 

For each varistor we can write the equation: 
V =CIp. 

When n equal elements are connected in series 

and a voltage of n times the original voltage is 

applied, the current will be the same as for V 


but is very much dependent on the values of 


(1) voltage and current. 


Dissipated power | 
The power dissipated in a varistor is equal to the 


volts over one varistor. Consequently we may product of voltage and current, so it may be written: 


write for a series circuit of n varistors: 


nV =C'lp. (4) 
From Eqs (1) and (4) it is evident that, 
C'=nC, (5) 


which means that the C-value of a varistor can 
be increased by series connection. 


Varistors in parallel 
For one varistor again we have: 
V=CIp. (1) 

When n of these varistors are connected in par- 
allel and the same voltage V is applied, the cur- 
rent in each varistor will still be the same. The 
total current in the circuit will be nl. This gives 
the following equation: 

V=C"(nl)p. (6) 
From Eqs (1) and (6) it follows: 

C'=C (7) 


np 


W =1V= (V)oe Ve Vos (10) 
C Ca 

When the coefficient a = 5, the power dissipated 
by the varistor is proportional to the 6th power of 
the voltage. A voltage increase of only 12% will, 
in this case, double the dissipated power. 
Consequently it is very important that the 
applied voltage does not rise above a certain 
maximum value, as otherwise the permissible 
rating will be exceeded. 

In addition, since varistors have a negative tem- 
perature coefficient, at higher dissipation (and 
accordingly higher temperature) the resistance 
value will decrease and the dissipated power will 
increase still more. 


Temperature coefficient 

In the foregoing formulae no temperature effects 
have been taken into account. These, however, 
may not always be neglected, as the C-value 
has an appreciable negative temperature coeffi- 


As varistors have a B-value from 0.02 to 0.40, it cient. The B-value is practically independent of 


is clear that the C-value will decrease very little 
by connecting two or more elements in parallel. 
When, e.g. 8 = 0.20, 32 varistors are needed for 
a 50% reduction of the C-value. It is important 
that in parallel circuits all varistors have about 
the same B and C-values, otherwise the current 
division will very much depend on the voltage 
across the circuit. 

Note: On no occasion may a varistor be con- 
nected in parallel with the aim of obtaining 
higher power dissipation. 


Resistance value 

When defining R as usual as the quotient of volt- 

age and current, we find: 
R=V=CipB= C (8) 


| |1-B 
or when starting from the form | = (V)a: 
R=V=V = Co 2 (9) 
| Va Vat 
on 


From these equations it is once more evident 
that the resistance value is not a constant one, 
576 


| 


the temperature. With good approximation it 
may be written: 

C.= on (1 + at), (11) 
in which: 
C, =C-value of the varistor at t ‘C; 
Cy =C-value of the varistor at 0 °C; 
a = temperature coefficient. 
For different materials the value of a lies 
between —0.0010 and —0.0018. Thus, for circuits 
where the current is constant, the temperature 
coefficient on voltage lies between —0.10 and 
—0.18% per degree C. 
For circuits where the voltage is constant the 
temperature coefficient on current lies between 
+0.4 and +0.8% per degree C, depending on the 
B-value. 


Philips Components « Airport Road, P.O. Box 760 « Mineral Wells, TX 76067 « (817) 325-7871 « FAX: (817) 325-1052 


METAL OXIDE VARISTORS 


High frequency alternating current 

For low frequencies the small capacitance of the 
varistor does not affect the voltage dependency 
of the resistance. For high frequencies, how- 
ever, this parallel capacitance may not be 
neglected. For low voltages and currents they 
may even determine the impedance of the varis- 
tor. At high voltages, the influence of the capac- 
itance is less serious; because in that case the 
resistance over which this capacitance is 
shunted has decreased. In general the effect of 
the capacitance in h.f. circuits will be an appar- 
ent increase of 8. Furthermore the voltage/cur- 
rent graph on a logarithmic scale will no longer 
by a straight line. 

A number of curves demonstrating this effect are 
given in Fig. 3. 


PERMISSIBLE DISSIPATION 

The temperature which a varistor will reach is 
determined by the dissipated power, the heat 
conductivity of the material, the contact with, and 
the nature of, the surrounding medium and by 
the ambient temperature. As already explained 
the dissipated power will increase rapidly with 
increasing voltage. 

The cooling per degree Celsius, though increas- 
ing slightly with temperature, depends mainly on 
the total surface area of the varistor. 

For most varistor types the maximum permissi- 
ble body temperature is 125°C. 


Fig. 3 Voltage/current relation for different frequencies. 
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METAL OXIDE VARISTORS 


ZINC-OXIDE VOLTAGE DEPENDENT 
RESISTORS 


Unlike SiC types, the ZnO varistors are mainly 


intended for applications requiring intermittent 
power dissipation, i.e. transient suppression and 
contact arc prevention. In their transient sup- 
pression role, the symmetrical mode of opera- 
tion allows them to be connected directly across 
a.c. power lines carrying r.m.s. voltages. They 
are capable of withstanding voltage or current 
pulses with a high peak energy level. A typical B 
for this type of varistor is 0.03. This means that, 
if the current through the varistor increases by a 
factor of 10 within the straight-line portion of the 
characteristic, the voltage across it increases by 
a factor of 1.07. 


A typical V/I characteristic for one of these varis- 
tors is shown in Fig. 4. The upward turn of the 
characteristic (decreasing non-linearity) is due to 
the increasing influence of the linear series 
resistance of the component as its non-linear 
resistance falls to very low values at extreme 
currents. A good approximation of the relation- 
ship between the voltage and the current in the 
curved portion of the characteristics is given by 
the expression: 
V=CIp +IRe, 
where Rg is the series resistance of the varistor. 


7274102.2 


100 
10-5 10-4 10-3 1072 107! 1 10 102 103 104 
current (A) 


Fig. 4 Typical V/l characteristic of ZnO varistor 2322 595 52516 for 220 V 
mains supply. 


578 


Normal operating conditions of the ZnO 
varistor 

Owing to the extreme nonlinearity of the volt- 
age/current characteristic of ZnO varistors, and 
the necessity to allow a margin for the extra dis- 
sipation during a transient, ensure that the max- 
imum voltage applied across the varistor during 
normal operation never attains such a value that 
the specified average dissipation limit of the 
varistor is approached. This will never be a prob- 
lem if the varistor is selected according to the 
figures for max. r.m.s. voltage in the data sheet. 
The peak value of the sinusoidal voltage applied 
to the varistor must always be less than the min- 
imum voltage specified at 1 mA. If the applied 
voltage is other than sinusoidal, the varistor 
should be selected on the basis of the specified 
maximum peak working voltage. 
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HOW TO MEASURE VARISTORS 


The following points have to be considered 
when measuring varistors. 


1. Use only d.c. voltage. 


2. Keep the measuring time as short as possi- 
ble. Self-heating effects may influence the 
measurements due to the negative tempera- 
ture coefficient of the varistors. 


3. When the varistors are specified at a voltage 
and current which is above the maximum dis- 
sipation, pulses should be used. For instance 
all zinc oxide types, which are for spike/tran- 
sient Suppression are measured under pulse- 
conditions. These types are measured with a 
Standard pulse current 8/20 ws as defined in 
IEC 60-2, section 6. 


4. The B-value measurement needs some expla- 
nation. AS mentioned earlier the B-value is 
not always constant but depends on the volt- 
age and current. The B-values of our discs 
are measured between 0.3 | and 3 |, where | 
is the current at which the varistor is speci- 
fied. For relia 


B =log 77 with V2 = voltage at 3 |, 


V1 = voltage at 0,3 |. 


TOLERANCES 

Standard varistors are specified with a certain 
tolerance on voltage and a spread on £-value. It 
can be seen in Fig. 5 that due to the spread in 
B-value the tolerance on voltage may increase 
at currents other than the specified current at 
which the varistor is measured. 

For some applications, where tolerances have to 
be kept as low as possible, the varistors are 
measured at a current or voltage which lies near 
to its working point in the circuit. For other appli- 
cations, especially spark suppression, it is often 
important to specify the varistor at two points: a 
point at low current or low voltage and a point at 
high current or high voltage. 


7245458 
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Fig. 5 Spread of voltage/current characteristic due to B-tolerance. 


Philips Components « Airport Road, P.O. Box 760 « Mineral Wells, TX 76067 « (817) 325-7871 + FAX: (817) 325-1052 


979 


S40}SISAY 4e9UIT-UOV 00 


4eauly-uofyy Co 


. | 


SIS9 


S/O} 


METAL OXIDE VARISTORS 


Table 1. Metal Oxide Varistor Performance Characteristics 


Maximum Maximum 


Maximum Clamping Voltage Maximum Non-Repeti tive Typical 
Continuous Part Number at Cuurent Energy Surge Current | Capacitance 

at 1 mA “See Table 6 (8 x 20 ,.$) (10 x 1000 a (8 x 20 S$) at 1 KHz 

14 18 20 2322-592-51406 48 1.0 100 1300 

2322-593-51406 43 25 ie 250 2800 

2322-594-51406 43 5.0 4.3 500 6000 

2322-595-51406 43 10.0 5.4 1000 15000 


2322-596-51406 


2322-592-51706 ‘ : 
2322-593-51706 53 25 2.0 250 2000 
2322-594-51706 53 5.0 5.3 500 4000 
2322-595-51706 53 10.0 6.9 1000 10000 
2322-596-51 706 


2322-592-52006 : : 
2322-593-52006 65 2.5 2.5 250 1500 
2322-594-52006 65 5.0 6.5 500 3000 
2322-595-52006 65 10.0 8.8 1000 7500 
2322-596-52006 


2322-592-52506 i i 
2322-593-52506 77 2.5 3.0 250 1350 
2322-594-52506 77 5.0 1.7 500 2600 
2322-595-52506 77 10.0 9.4 1000 6500 
2322-596-52506 


2322-592-53006 
2322-593-53006 93 2.5 3.6 250 1600 
2322-594-53006 93 5.0 9.2 500 2700 
2322-595-53006 90 10.0 12.0 1000 6000 
2322-596-53006 


2322-592-53506 : . 
2322-593-53506 115 2.5 4.4 250 1300 
2322-594-53506 110 5.0 11.0 500 2200 
2322-595-53506 105 10.0 14.0 1000 4800 
2322-596-53506 


2322-592-54006 d : 
2322-593-54006 135 2.5 5.2 250 1000 
2322-594-54006 130 5.0 13.0 500 1800 
2322-595-54006 130 10.0 17.0 1000 3800 
2322-596-54006 


2322-592-55006 : k 
2322-593-55006 140 10.0 7.0 1200 900 
2322-594-55006 140 25.0 12.0 2500 1500 
2322-595-55006 140 50.0 21.0 4500 3100 
2322-596-55006 


2322-592-56006 
2322-593-56006 165 10.0 8.3 1200 700 
2322-594-56006 165 25.0 15.0 2500 1200 
2322-595-56006 165 50.0 24.0 4500 2300 
2322-596-56006 


2322-592-57506 : ; 
2322-593-57506 200 10.0 10.0 1200 530 
2322-594-57506 200 25.0 18.0 2500 1000 
2322-595-57506 200 50.0 29.0 4500 1900 
2322-596-57506 


2322-592-59506 : : 
2322-593-59506 250 10.0 13.0 1200 450 
2322-594-59506 250 25.0 22.0 2500 800 
2322-595-59506 250 50.0 37.0 4500 1500 
2322-596-59506 


2322-592-51316 i d 
2322-593-51316 340 10.0 17.0 1200 320 
2322-594-51316 340 25.0 30.0 2500 580 
2322-595-51316 340 50.0 56.0 4500 1050 
2322-596-51316 


2322-592-51416 : : 
2322-593-51416 370 10.0 20.0 1200 270 
2322-594-51416 370 25.0 36.0 2500 490 


2322-595-51416 370 50.0 59.0 4500 850 
2322-596-51416 


Maximum Clamping Voltage Maximum Non-Repetitive 
Continuous Part Number at Cuurent Energy 
Volt age at 1 mA “See Table 6 (8 x 20 .:$) (10 x 1000 :.$) (8 x 20 S$) 


pens woe [rw frown] —_] Js [wer [sf 


150 2322-592-51516 
2322-593-51516 
2322-594-51516 
2322-595-51516 
2322-596-51516 


2322-592-51716 
2322-593-51716 
2322-594-51716 
2322-595-51716 
2322-596-51716 


2322-592-52316 
2322-593-52316 
2322-594-52316 
2322-595-52316 
2322-596-52316 


2322-592-52516 
2322-593-52516 
2322-594-52516 
2322-595-52516 
2322-596-52516 


2322-592-52716 
2322-593-52716 
2322-594-52716 
2322-595-52716 
2322-596-52716 


2322-592-53016 
2322-593-53016 
2322-594-53016 
2322-595-53016 
2322-596-53016 


2322-592-53216 
2322-593-53216 
2322-594-53216 


2322-595-53216 
2322-596-53216 


2322-592-53816 
2322-593-53816 
2322-594-53816 
2322-595-53816 
2322-596-53816 


2322-592-54216 
2322-593-54216 
2322-594-54216 
2322-595-54216 
2322-596-54216 


2322-592-54616 
2322-593-54616 
2322-594-54616 
2322-595-54616 
2322-596-54616 


2322-594-55116 
2322-595-55116 
2322-596-55116 


2322-594-55516 
2322-595-55516 
2322-596-55516 


“For composition of the catalogue number, see Table 6 
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Electrical characteristics 

Varistor characteristics are measured at high 
Currents and high energy levels using an expo- 
nentially decaying waveform, as shown in Fig. 6, 
representative of lightning surges and the dis- 
charge of stored energy in reactive circuits. Based 
on CECC recommendations, the standard wave- 
form used for current and voltage rating measure- 
ments has a virtual front duration of 8us and an 
impulse duration of 20 us. It is therefore called , 
the 8/20.u waveform. oa) le ae ean 
For energy rating measurements, a longer dura- 

tion waveform (the 10/1000 ys waveform) having 0.1 Ip 
exactly the same format as Fig. 6 is used. 

Voltage-current characteristics for each varistor "2 
series are shown in Figs. 7 to 20. 


current 
Fig. 6 

ot iademaadioge’ CECC—recommended 
0.9 lp test waveform 


592 SERIES (A) 592 SERIES (B) 


max. 
leakage current max. clamping voltage max. leakage current max. clamping voltage 
i ee 


108 


voltage 
(V) 


voltage 
(V) 


RMS 
voltage 35 


” » = 


RMS 
voltage 
rating 


current (A) current (A) 
Fig. 7 Fig. 8 . . 
V-| characteristics, 592 series, 14 to 25 V V-I| characteristics, 592 series, 30 to 40 V 
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Zinc Oxide Disc 


992 SERIES (C) 


max. leakage current max. clamping voltage 


993 SERIES (A) 


lt i ae ee ae eee . 460. 
ie ie ss = aie max. leakage current max. clamping voltage 
et ee ee 275 10° 
i Se a ST Re ——, ee 
ae Ss a ——s- 
voltage ae ee oe eee SST 
W a =a 
460 eee es a 
$00 ee nm 
250  _ ee 50 
voltage 190 a ee ee ae 
cae Ses Ge eet mae pooeeen ae 
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= ee ee an a a 
a ee a a ae a ae 


10-5 10-4 10-3 10-2 10-1 1 10 102 103 104 
current (A) 
Fig. 9 Fig.10 current (A) 
V-| characteristics, 592 series, 50 to 460 V V-I characteristics, 593 series, 14 to 25 V 
593 SERIES (B) 593 SERIES (C) 


max. leakage current 


max. clamping voltage max. leakage current max. clamping voltage 


voltage 
(V) 


voltage 
(V) 


NUNN 


AANA | 


CLAN AW ANA 


10°8 1073 10°! 1 10 10? 10° 
Fig. 11 0 
V-| characteristics, 593 series, 30 to 40 V 
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current (A) 


Fig. 12 
V-| characteristics, 593 series, 50 to 460 V 
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Zinc Oxide Disc 


max. leakage current max. clamping voltage 
| max. leakage current max. Clamping voltage 
7 eee Se ed 
10 i ACR CARTER gating 
olta | 
Vi ge j | 
(V) — 
| | 
10° ——_—_—— | 10° 
PE STE ie Slee Bie 
| | 
j | 


10 
1.2 10 re 10 4 10 3 10 2 10 | 1 10 10° 10° 
Fig. 13 current (A) Fig. 14 . current (A) 
V-| characteristics, 594 series, 14 to 25 V V-| characteristics, 594 series, 30 to 40 V 
094 SERIES (C) 995 SERIES (A) 


max. leakage current max. clamping voltage 


max. leakage Current max. clamping voltage 


voltage 1 
(Vv) 


es ae a is - 
V-| characteristics, 595 series, 14 to 25 V 
o-> 10 3 10 


10 


1 


-4 1073 1072 107! 1 10 102 10 4 
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current (A) 


Fig. 15 
V-| characteristics, 594 series, 50 to 550 V 
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Zinc Oxide Disc 


voltage 
(V) 


10° 


995 SERIES (B) 


max. leakage current max. clamping voltage 


k— 


10 > 10 4 10 3 10 2 10 ' 1 


Fig. 17 


V-I characteristics, 595 series, 30 to 40 V 


voltage 
(V) 


984 


996 SERIES (A) 


max. leakage current max. clamping voltage 


|_—________ 


Fig. 19 
V-| characteristics, 596 series, 14 to 40 V 
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current (A) 


10° 
current (A) 


595 SERIES (C) 
max. leakage current max. clamping voltage 
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current (A) 


Fig. 18 
V-| characteristics, 595 series, 50 to 550 V 


996 SERIES (B) 


max. clamping voltage 


max. leakage current 
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Fig. 20 
V-| characteristics, 596 series, 50 to 550 V 
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Fig. 21 Max. applicable transient current as a function of impulse 
duration, 592 series, 14 to 40 V 
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Fig. 23 Max. applicable transient current as a function of impulse 
duration, 593 series, 14 to 40 V 
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MAX. APPLICABLE TRANSIENT CURRENT AS A FUNCTION OF IMPULSE DURATION 
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Fig. 22 Max. applicable transient current as a function of impulse 
duration, 592 series, 50 to 460 V 
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Fig. 24 Max. applicable transient current as a function of impulse 
duration, 593 series, 50 to 460 V 
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Zinc Oxide Disc 


MAX. APPLICABLE TRANSIENT CURRENT AS A FUNCTION OF IMPULSE DURATION 


maximum peak current (A) 


maximum peak current (A) 
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Fig. 25 Max. applicable transient current as a function of impulse 
duration, 594 series, 14 to 40 V 
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Fig. 26 Max. applicable transient current as a function of impulse 
duration, 594 series, 50 to 550 V 
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METAL OXIDE VARISTORS 


Zinc Oxide Disc 


MAX. APPLICABLE TRANSIENT CURRENT AS A FUNCTION OF IMPULSE DURATION 


maximum peak current (A) 


maximum peak current (A) 
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Fig. 27 Max. applicable transient current as a function of impulse 
duration, 595 series, 14 to 40 V 
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Fig. 29 Max. applicable transient current as a function of impulse duration, 
596 series, 14 to 40V 
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Fig. 28 Max. applicable transient current as a function of impulse 
duration, 595 series, 50 to 550 V 
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Fig. 30 Max. applicable transient current as a function of impulse duration, 
596 series, 50 to 550V 


987 


S40}2SISAY 4eaUIT-UOf — 


4e0uIT-uofVy Co. 


| 


SIS9 


S40} 


METAL OXIDE VARISTORS 


Zinc Oxide Disc 


VOLTAGE 


100% 


—40 85 125 
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Fig. 31 Derating of max. DC or RMS working voltage with temperature. 


MECHANICAL DIMENSIONS: 


A 


Figure 32A Straight Lead 


max 


Figure 32C Flanged Lead 
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Figure 32B Kinked Lead 


Table 3 Maximum thickness (T) in inches (mm) from Table 2 


0.162 (4.1) 
0.165 (4.2) 
0.173 (4.4) 
0.181 (4.6) 
0.193 (4.9) 
0.209 (5.3) 
0.228 (5.8) 
0.232 (5.9) 
0.236 (6.0) 


0.173 (4.4) 
0.181 (4.6) 
0.189 (4.8) 
0.197 (5.0) 
0.213 (5.4) 
0.232 (5.9) 
0.260 (6.6) 
0.260 (6.6) 
0.260 (6.6) 
0.272 (6.9) 
0.276 (7.0) 


peewwaa 


992 | 0.276 | 0.236 | 0.355 | 0.787 | 0.024 0.197 +0319 
—0.008 
(7) (6.0) (9) (20) (0.6) 
993 | 0.354 | 0.236 | 0.433 | 0.748 | 0.024 0.197 19-315 
; —0.008 
(9) (6.0) | (11) (19) (0.6) (5) (+0.8) 
. (=0.2) 
094 | 0.531 | 0.276 | 0.610 | 0.669 | 0.032 |0.300 +0.039 
(13.5) | (7.0) | (15.5) | (17) (0.8) (7.62) (+1) 
995 | 0.669 | 0.276 | 0.748 | 0.630 | 0.032 |0.300 +0.039 
(17) | (7.0) ] (19) (16) (0.8) (7.62) (+1) 
096 | 0.945 | 0.276 | 1.004 | 1.000 | 0.032 |0.300 +0.039 
(24) | (7.0) | (25.5) | (25.4) | (0.8) (7.62) (+1) 


Dimension ‘T’ dependent on RMS Voltage rating (see Table 3) 


METAL OXIDE VARISTORS 


.039 
(1) min 


FB gy (* 9.1) 


(= 02) 


.079 + .004 
- .008 


(56) max 2.205 


(22.5) .885 
14.016 


109 (356) max 


(92) 3.622 


(85.6) 3.870 


1.654 + .039 
(42) + (1) 


Fig. 33C Flanged Lead 


Fig. 33D Reel Dimensions 
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Table 4. Dimensions in inches (mm) for Figures 33A, B, C 


Dimensional Data | 7 


ee 

Symbol! Nominal Tolerance Remarks 
[Bodydiametr | | seetable? 
Lead wirediameter |g | seetable2 


Pitch of components (12.7) (+1) 
.500 +.040 
Feed hole pitch (12.7) (+0.3) ive pi 
.500 eT 2 (+1 mm) 20 pitches 
Feed hole centre to lead centre (3.81) (+0.7) guaranteed between 
.150 +028 component and tape 
Component alignment (+1.3) 
+051 
Lead to lead distance F see table 2 guaranteed between 
component and tape 


re) 
ra 
3 
c 
as 
< 
0) 
se) 
~-- 
o 
=3 
© 
= 
fe) 
om } 


Component alignment (0) (+2) 
0 +.079 
Tape width (18) (+1/-0,5) 
— .709 +.039/—.020 
Hold down tape width 492 (12.5) min. 


Hole position W, (9) (+0.5) 
354 =079 


Hold down tape position .118 (3) max. 
Distance component to tape centre H (20) (+2) 
7187 +079 
Lead wire clinch height Ho (18.25 or 16) (+=0.5) see table 5 
.719 or .630 +020 
Free hole diameter (4) (+£0.2) 
157 +008 


Total tape thickness (0.9 max.) 


035 
AQL: mechanical Level Il 


with cardboarded 
| tape (0.5+0.1) 
.020+.004 


ee 
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Table 5. Packaging Configurations 
Code number Packing H ginches (mm) 
2322 quntity See table 4 
Q.:. | 1500 reel fig. 33A 
1500 = fig. 33C 
ee | 1500 reel fig. 33C 
ee se | 500 | tuk =| |g. 32 
500 bulk fig. 32B 
250 bulk fig. 32C 
| 8.6 | 1500 | reel_| 630116) | _ fig. 338 
ise 1500 reel ~ fig. 33A 
be 1500 reel .630 (16) fig. 33C 
oe 1500 reel fig. 33C 
1500 eS) | fig. 338 
oe bulk | 
| ve 500 bulk fig. 32B 
250 bulk fig. 32C 


594- 0...6 7501 reel fig. 33A 
9:..0 250 bulk fig. 32A 


NOD | Oo [| © P 
DDIDIDD | DO 


— © 


Or | GW PO 
ODI DI DD | DMD 


NO 


03006 to 01716 7501 reel 
02316 to 05516 7501 reel fig. 33A 
52316 to 55516 100 bulk fig. 832A 


Table 6. Metal Oxide Varistor Part Number Definition 


2322 592 5 
a “rt a i 
Philips Varistor *Packaging/Lead Type 
Product Disc Size — 0=T &R/Straight 
592 = 5mm 1,2 = T &R/Flange t 
593 = 7mm 3,8 = T & R/Kinked t+ 
594 = 10mm 5 = Bulk/Straight 
595 = 14mm 6 = Bulk/Kinked 
596 = 20 mm 7 = Bulk/Flange 


* Series 594, 595 are only available as type 0 and 5 
*Series 596 only available as type 5 
+See Tape and Reel Dimensions 


750 6 
7 + 
Maximum Continuous Ochre 
RMS Voltage Epoxy Coating 
140=14v 750= 75V~ 301=300V.-> ;.6 = Gchre Bpay vesting 
170=17V 950= 95V 321 =320V Nh ed eee aches 


200=20V 131=130V 381 =385V Ochre oasyeostng 
an = aa a. a Lay We = can **Only available for 592 & 593 Series 
350=35V  171=175V 511 =510V 

400=40V 231=230V 551 =550V 

500=50V 251 = 250V 

600=60V 271 =275V 
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Table 7. Test Results 
Notes 1. Clause numbers of tests and performance requirements refer to CECC 42000 
2. Inspection levels and AQL’s are selected from IEC Publication 410. 
3. In this table: p = periodicity (in months) 
n = sample size 
c = acceptance criterion (permitted number of defectives) 
D = destructive 
ND = non-destructive 


4. The varistors shall be mounted by their normal means in such a manner that there shall be no parasitic vibration. 


Clause number and test Conditions of test Performance requirements 


(see note 1) (see note 1) (see note 2) | (see note 1) 


GROUP A INSPECTION 

(lot-by-lot) 

Sub-Group A1 1.0% 

4.2.1. Visual examination As in 4.2.1. 

4.2.2. Marking As in 4.2.2. 

Sub-Group A2 0.65% 

B2.6 Protection level At class current given in | As specified in table 2 
table 2 

4.3. Voltage At 1mA | Values given in table 2 


Sub-Group A3 1.0% 
4.2.3. Dimensions (gauging) D and T As specified in tables 1 and 2 | 


GROUP B INSPECTION 
(lot-by-lot) 
Sub-Group B1 2.5% 
4.11. Robustness of terminations Test Ua and Ub of IEC 68-2-21 | 
Visual examination As in 4.11.6. 
Voltage at 1 mA Within the values given in table 2 
4.10.1. Solderability Solder bath method: The terminations shall be 
23529°C uniformly tinned 
x.x. Solvent resistance of coating Visual examination | No visual damage 
and marking IEC 68-2-45 (1980) Legible marking 
Test Xa 
Solvent: 3.1.1. 
Temperature: 23+5°C 


Sub-Group B2 1.0% 
4.7. Voltage proof Method: metal bails As in 4.7.3. 
(4.7.1.2.) 2500 V 
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Sample size 
and criterion 
of acceptability | Performance requirements 


Clause number and test Conditions of test 


(see note 3) (see note 1) 


(see note 1) 


(see note 1) 


GROUP C INSPECTION 
(periodic) 

Sub-Group C1 

x.y. Maximum surge current 100 pulses 8/20 us at 2 per 


min in one direction 


No visible damage 
A V/V: = 10% max. 


Visual examination 


Voltage at 1 mA 


Sub-Group C2 


100 pulses 10/1000 us in one 
direction, 1 every 2 min 


Visual examination 
Voltage at 1 mA 


Sub-Group C3 
4.6. Capacitance f= 1 kHz 
Signal level 1 V max 
Zero bias 
4.10.2. Resistance to soldering heat Method Tb of IEC 68-2-20A 
Visual examination 
Voltage at 1 mA 
4.12. Rapid change of temperature Test Na of IEC 68-2-14 
Ta: Lower category 
temp.: —40°C 
Tb: Upper category _ 
temp.: 125°C 
Visual examination 
Voltage at 1 mA 
6 specimens 
4.14. Shock Pulse shape: half sine 
Acceleration: 490 m/s2 
Pulse duration: 11 ms 
3 x 6 shocks 
Visual examination 
Voltage at 1 mA 
All specimens 
4.17. Climatic sequence 
— Dry heat 
— Damp heat, cyclic, first cycle 
— Cold 
— Damp heat, cyclic, remaining cycles 
— Final measurement Visual examination 


x.z. Maximum peak current 


No visible damage 
AVN: = 10% max. 


As given in table 2 
with = 50% 


As in 4.10.2.4. 
A V/V: + 5% max. 


As in 4.12.4 
A VIN: + 5% max. 


As in 4.14.3 
AVIV: + 5% max. 


As in 4.16.9.1 
A V/V: + 5% max. 
As in 4.7.3. 


Voltage at 1 mA 
Voltage proof 
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Clause number and test 


(see note 1) 


Sub-Group C4 
4.20. Endurance at upper category 
temperature 


GROUP D INSPECTION 
(periodic) 

Sub-Group D1 

4.17. Damp heat, steady state 


Sub-Group D2 
4.2. Dimensions (detail) 


4.5. Temperature coefficient of voltage 
Sub-Group D3 


4.18. Inflammability 
Needle flame test 


METAL OXIDE VARISTORS 


Conditions of test 


(see note 1) 


1000 h at 85°C and at max. 
rm.s. voltage 


Examination at 48 h, 500 h 
and 1000 h 


Visual examination 
Voltage at 1 mA 


Examination at 1000 h 
Voltage at class current 


Voltage proof 


4 specimens 
No applied voltage 


Other 4 specimens 
Applied voltage: 10% of the 
max. d.c. voltage 


Visual examination 


Voltage at 1 mA 
Voltage proof 


At1 mA 


Test IEC 695-2-2 
10 s—vertical 


Sample size 
and criterion 


of acceptability | Performance requirements 


(see note 3) 


(see note 1) 


As in 4.20.5.1. 
A V/V: + 5% max. 


1,1 x the initial limits 
As in 4.7.3. 


As in 4.17.3.1. 
A V/V: = 5% max. 
As in 4.7.3. 


As specified in table 1 and 2 
--0.065%/°C 
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NTC THERMISTORS 


INTRODUCTION 

The word “Thermistor” is a contraction of “thermal 
resistor,” a resistor which changes its resistance 
with changes in temperature. The NTC Thermistor 
has a Negative Temperature Coefficient (NTC) 
and exhibits a decrease in resistance as the 
temperature of the Thermistor increases. 

NTC Thermistors are ceramic semiconductors 
made by sintering mixtures of heavy metal oxides 
such as manganese, nickel, cobalt, copper and 
iron. The metal oxides, their mixtures, and pro- 
cessing are carefully controlled to provide finished 
Thermistors which are tight tolerance, change 
resistance vs. temperature in a predictable way, 
and remain stable for extended periods of time. 
NTC Thermistors are small, rugged, inexpensive, 
and accurate. In the temperature range of —55°C. 
to 300°C. they provide an almost ideal solution to 
temperature sensing and control, compensation, 
and inrush current limiting applications. 

NTC Thermistors are non-linear devices and the 
resistance decreases exponentially with increas- 
ing temperature. The individual data sheets in 
the following section show resistance—tempera- 
ture tables listing the resistance at five degree 
(C) intervals. It is often necessary for the design 
engineer to know the resistance at odd tempera- 
ture points. The resistance at any temperature 
point over the operating temperature range may 
be calculated with a high degree of accuracy by 
using the Steinhart and Hart equation and three 
resistance-temperature points from the Resist- 
ance-Temperature tables. 


The Steinhart and Hart equation, an empirical 
~ expression, has been determined to be the best 
mathematical expression for the resistance- 
temperature relationship of a negative-tempera- 
ture-coefficient thermistor. It is usually found 
explicit in T 

q=atb(in R) + c (Ln R)$ 
where T is the Kelvin temperature, Ln is the 
logarithm of R to the base e, and a, b and c 
are coefficients derived from measurement. 
Coefficients a, b and c are found by making 
measurements of R at three temperatures and 
solving simultaneously 


Philips Components ¢ Airport Road, P.O. Box 760 ° 


Mineral Wells, TX 76067 ° (817) 325-7871 * FAX: (817) 325-1052 


ao + b (Ln Ri) +c (Ln Ri) 
1 

= a + b (Ln Re) +c (Ln Re) 
4d — 9 +b (Ln Rs) + c (Ln Ra)’ 


Ts 


It is often useful to have this relationship explicit 
in R. The transformation is developed here. 


For any R the equation for T may be written in 
the form 
1 


c (Ln Rr)? +b (LnRr) + (a-> ) =0 
This cubic has a root A + B = Ln At, where 
1 A. 
1 Tr 
a BaF eee eet 57(8)9 2) 


which is unique (there are two deci, imagin- 
ary roots) oe that 


+3 Tit (Ryas0 


Then the Steinhart and Hart equation explicit 
in Ris 


1 1 
_ e 1b.1.1 
R= elexp)(- (Ao +g Ae eta(e)) 2} 


=: = 


1 1 
+F test (By) 2) 3 


where e (exp) has the usual meaning of e"(A,B). 
For ease in calculation let 


at2et pte 
a a2 ps tt a 
and R= e(exp){(—59 + g+57) ?) ° aS 
2 $3 1:1 
([4+55)2) 5] 


The ability to precisely interpolate for a given 
temperature from measurement at Known fixed 
points is in a large measure dependent on the 
closeness of those points. Use of fixed points 
such as H,O triple point, Hg triple point, gallium 
melting point and Indium freezing point provide 
a solid basis for the interpolation. 

For practical reasons some of the following tables 
have small interpolation differences when random 
values from the tables are used in the above 
equation particularly over large spans. 
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NTC THERMISTORS 


Typical NTC Thermistor Application Circuits 
APPLICATION EXAMPLES 


Fig. 1. temperature measurement in industrial and medical thermometers. 


eC 


bimetal 
mA-—meter 


72453921 


differential 
mA-meter 


Fig. 2. Temperature measurement in cars. Cooling water measurements 
with bimetal or differential milliammeters. 


-+t? 


Fig. 3. Temperature control with a bridge incorporating an NTC thermistor 
and a relay or a static switching device. 


996 


—_.e— 


Fig. 4. Liquid level control. 


flow | 
direction 


Fig. 5. Flow measurement of liquids. The temperature difference between 
T, and T, is a measure for the velocity of the fluid. 


| Without NTC 


Z- 


With NTC 


at? 


vacuum 
cleaner 


Fig. 6. Inrush current limiter, e.g. for protection of Si-diodes, fuses 
switches, and switch mode power supplies. 
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NTC THERMISTORS 


Applications 


-+° 


Fig. 7. Delaying action of relays. Due to the thermal inertia of the NTC, it 
takes some time before the relay is activated. If necessary the NTC can 
be short-circuited after the relay is activated thus leaving the NTC time 
for cooling. 


wheel tracks 


Fig. 10. Compensation for the influence of ambient temperature variations 
in an h.f. amplifier. 


N 
ZA As 
Fig. 8. Model trains. As soon as the train comes on the isolated supply 


trip, it stops. The NTC heats up and gradually the train starts again. 


supply track 


le 


Fig. 11. Temperature compensation in transistor circuits. Push-pull 
compensation. 


Fig. 9. Gain compensation or gain control with an indirectly heated NTC. 


5 
= 
“ 
vv 


1) 
- 


Fig. 12. Transformerless audio output stage with temperature compensation. 


S40} 
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NTC THERMISTORS 


+ 


? 
out . 
+ 
Fig. 16. Temperature sensing bridge with amplifier. The op-amp acts as 
1° difference amplifier. The sensitivity can be very high. 
7 | 


Fig. 13. Stabilization with temperature of an a.g.c. amplifier in a 
television set. 


Fig. 17. Basic temperature sensing configuration. The operational ampli- 
fier, e.g. type NE532, acts as a Schmitt trigger. The transfer characteristic 
is given in Fig. 18. 


Fig. 14. Compensation of drift in field deflection coils. The influence of the 
positive temperature coefficient of the copper windings is compensated 
by means of an NTC thermistor. 


4 


~) 
: 
2 
8 
S 
Lt) 
it) 
: a 
Ps +*-—t=-—-— 
4 | 
Ppl) Fig. 19. Temperature controlled oscillator. This is a simple interface circuit 
% . for digital and microcomputer-controlled systems. The frequency of the 
S Fig. 15. Simple thermostat. output pulses is proportional to the temperature of the NTC thermistor. 
a | 
”“ 
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NTC THERMISTORS 


AND GATE 


SAWTOOTH 
GENERATOR 


Fig. 20. Temperature sensing bridge with O°C offset and analogue to digital conversion. Due to R,, and Rg the voltage at point A varies linearly with 


the temperature of the NTC thermistor. The voltage at point B is equal to the voltage at point A when the temperature of the NTC thermistor is 0°C. Both 
voltages are fed to the comparator circuit. See also Fig. 21. 


SAWTOOTH 
TEMP. 
0°C REF. | 


OUTPUT PULSES Ml 
AND GATE 


Fig. 21. 


resistive 
load 


V,=220V 


(1) spike suppressor (zinc-oxide VOR, 


Fig. 22. Thermostat for room temperature control with a 2-point NTC thermistor as the sensing element. The TDA 1024 triggers the triac during 
the zero crossings of the mains voltage only when the voltage across the NTC thermistor is ines than the voltage at the slider of the 22 kO 
potentiometer. (For complete information see Technical Information 010 and 025). 
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SERIES 610-0 


Disc NTC Thermistor 


R., = 4 ohm to 33 ohm 1 Watt 


° 
@ 
© © 


ie ss 
ae es 


S 
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DESCRIPTION 

The Series 610-0 NTC Thermistor is a leadless 

disc intended for general use. ee 

ELECTRICAL SPECIFICATIONS (K) 

Dissipation.......... 1 Watt, maximum 2322 610 02408 | 2322 610 01408 
Operating Temperature Range 2322 610 02808 | 2322 610 01808 


—95°C to +125°C 2322 610 02159 | 2322 610 01159 


at zero power...... 2322 610 02339 | 2322 610 01339 


at maximum power. .+55°C max. 


Wiad Gos MECHANICAL DATA 

Soldeae o71+.020 Marking Sime 

(8.7) + (0.7) (1.8) £(0.5) Resistance value and tolerance legibly printed on one face 
ee ad of the thermistor. 


Weight 

Approx. ./0 grams 

Mounting | 

In any position between clamps or soldering leads on 
_the faces. 


Impact 
Free fall: 7.87" (200 mm) 


Inflammability 
Nonflammable 


All dimensions in inches (mm) 


600 Philips Components « Airport Road, P.O. Box 760 « Mineral Wells, TX 76067 ¢ (817) 325-7871 ° FAX: (817) 325-1052 


SERIES 610-1 


DESCRIPTION 


NTC THERMISTORS 


Ro, = 4 ohm to 33 ohm 1 Watt Maximum 


The Series 610-1 NTC Thermistor is a color coded, 
radial leaded disc intended for general use. 


024 in. 
(0.6) mm. 


All diminsions in inches (mm) 


ELECTRI CAL SP ECIF | CATI ONS emperature 
Dissipation.......... 1 Watt, maximum ree asateaniie a 
Dissipatian Factor ... .approx. 10 mW/°C co  aeeel ae eed 
perating Temperature Range 
} o 2322 610 12408|2322 610-11408 
at zero power...... —25°C to +125°C 2322 610 1280812322 610-11808 
at maximum power. .+55°C max. 2322 610 12159]2322 610-11159 
Thermal 2322 610 12339]2322 610-11339 
Time Constant..... approx. 60 seconds 
Heat Capacity ....... approx. 0.6 J/°C 
MECHANICAL DATA 
silver 
silver 
i 
sliver 
197 in, Marking *10% onl 
i & Color bands 20% Has no band 
i Weight 


Approx. 1.1 grams 


Mounting 
In any position by soldering 


Robustness of terminations 
Tensile strength: 2.25 Ib (ION) 
Bending: 1.12 Ib (5 N) 


Soldering 
Solderability: max. 240°C-max. 4s 
Resistance to heat: 260+5°C-10+1S 


impact 
Free fall: 7.87"(200 mm) 
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SERIES 626-1 
High Temperature NTC Glass Probes 


DESCRIPTION 

The Series 626-1 NTC Thermistors are miniature 
beads encapsulated in a glass probe, able to 
withstand temperatures as high as 300°C. 


ELECTRICAL SPECIFICATIONS 
Dissipation.......... 100 mW maximum 
Dissipation Factor ... . 1.2 mW/°C 
Operating Temperature 
Range ........... 05°C40:+300°C* 
Breakdown Voltage. . .Glass Envelope 
3 to leads (VRMS) 
*200°C for type with R,,< 100k 1500 (min) 


Thermal | 
Time Constant ..... 10 seconds in still air 
rie 1 second in liquid 

MECHANICAL DATA 

Marking ate 098 

4 color dots (2.5) max 012 
(0.3) 

Weight 


Approx. 0.3 grams 


Mounting IVI ; 
In any position by soldering an 4 


Robustness of Terminations max min 
Tensile Strength: .56 Ib. (2.5 N) 
Bending: .28 Ib. (1.25 N) All dimensions in inches (mm) 


Soldering 
Solderability: Max. 240°C-Max. 4 sec. 
Resistance to Heat: 260°C+5°C 10+1 sec. 


impact 
Free fall: 3.94" (100mm) 


Non-Flammable 


Leads 
Dumet (tinned) 


Color Code Chart 


Band | & Il Band Ill Band IV 
Resistance at 25°C Multiplier Tolerance 


0=Black 5=Green 10° = Black 

1 = Brown 6= Blue 10' = Brown 

2 = Red 7 = Violet 102 = Red 

3 = Orange 8 = Grey 103 = Orange | 10% = Silver 


4=Yellow 9= White 104 = Yellow 5% = Gold 


625/85 | Coefficien Part Number 
+5% 25°C (%/ Tmax 2322 626-1... Nominal Resistance (At Temperature) 


3,868 1,862 1,000 
9,641 4,369 2,200 
23,340 9,838 4,700 
110,300 30,555 10,000 
223,500 64,180 22,000 
526,800 144,300 47,000 
1,223,000 | 318,500 100,000 
2,338,000 676,600 220,000 
5,437,000 | 1,485,000 470,000 
12,230,000 | 3,275,000 | 1,000,000 
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SERIES 626-2 
High Temperature NTC Glass Probes 


DESCRIPTION 


The Series 626-2 NTC Thermistors are miniature 
beads encapsulated in a glass probe, able to 
withstand temperatures as high as 300°C. 


ELECTRICAL SPECIFICATIONS 
Dissipation.......... 100 mW maximum 
Dissipation factor ....0.8 mW/°C 
Operating Temperature 
Range ........... —55°C to +300°C* 
Breakdown Voltage. ..Glass Envelope 
to Leads (VRMS) 
100 (min) 
Thermal 
Time Constant..... 7.5 seconds in still air 
ee 0.85 secondsin liquid 
*200°C for type with R,. < 100k 


MECHANICAL DATA 
Weight 
Approx. 0.33 grams 


Mounting 
In any position by soldering 


Robustness of Terminations 
Tensile Strength: .23 Ib. (1 N) 


Soldering 
Solderability: Max. 240°C-Max. 4 sec. 
ResistancetoHeat:260°C+5°C 101 sec. 


Impact 
Free fall: 3.94" (100mm) 


Non-Flammable 


Leads 
Dumet (tinned) 


063 
(1.6) 
max 
| (0.24) .009 


Temperature 
625/85 Coefficient @ Part Number 
+5% 25°C ( *C) Tmax 2322 626-2... Nominal Resistance (At Temperature) 


1,862 1,000 

4,369 2,200 

23,340 9,838 4,700 
110,300 30,555 10,000 
223,500 64,180 22,000 
526,800 144,300 47,000 
1,223,000 318,500 100,000 
2,338,000 676,600 220,000 
5,437,000 | 1,485,000 470,000 
12,230,000 | 3,275,000 | 1,000,000 
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SERIES 633-0 
Miniature NTC Beads 


DESCRIPTION 


The Series 633-0 NTC Thermistors are miniature 
beads with ultra-fast response times and axial 


leads. 
ELECTRICAL SPECIFICATIONS 
Dissipation.......... 25 mW maximum 


Dissipation factor ... .0.3 mW/°C 
Operating Temperature 


Range ........... —55°C to +200°C 
Time Constant....... 8.5 seconds in still air 
eae os 0.5 seconds in liquid 
MECHANICAL DATA 
Weight 


Approx. 4.24 milligrams 


Mounting 
In any position by spot welding 


Non-Flammable 


Leads 
Platinum-lridium 


All dimensions in inches (mm) 


Temperature 
625/85 Coefficient @ Part Number 
+5% 25°C (%/C) Tmax 2322 633-0... 


3,868 1,862 1,000 

9,641 4,369 2,200 
23,340 9,838 4,700 
110,300 30,555 10,000 
223,500 64,180 22,000 
526,800 144,300 47,000 
1,223,000 318,500 100,000 
2,338,000 676,600 220,000 
9,437,000 | 1,485,000 470,000 
12,230,000 | 3,275,000 | 1,000,000 
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SERIES 633-1 
Miniature NTC Beads 


DESCRIPTION 


The Series 633-1 NTC Thermistors are miniature 
beads with ultra-fast response times and radial 


leads. 
ELECTRICAL SPECIFICATIONS 
Dissipation.......... 25 mW maximum 


Dissipation factor ....0.3 mW/°C 
Operating Temperature 


Range ........... —55°C to +200°C 
Thermal 
Time Constant..... 0.5 seconds in still air 
Te 0.5 seconds in liquid 
MECHANICAL DATA 
Weight 


Approx. 4.24 milligrams 


Mounting 
In any position by spot welding 


Non-Flammable 


Leads 
Platinum-lridium 


.0024 
(0.06) 
8 = 
‘sie 
eo 
.197 
( id Oo (5) oe 
max 


All dimensions in inches (mm) 


625/85 bene 'e Part Number 
+5% 25°C (%/C) Tmax 2322 633-1.. Nominal Resistance (At Temperature) 


x [we | -c | o |» | = ] 0 | = | « | wo 


3,868 1,862 1,000 
9,641 4,369 2,200 
23,340 9,838 4,700 
110,300 30,555 10,000 
223,500 64,180 22,000 
526,800 144,300 47,000 
1,223,000 318,500 100,000 
2,338,000 676,600 220,000 
5,437,000 | 1,485,000 470,000 
12,230,000 | 3,275,000 | 1,000,000 
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SERIES 633-2 
High Temperature NTC Glass Probes 


DESCRIPTION 

The Series 633-2 NTC Thermistors are miniature > 
beads encapsulated in a glass probe, able to © 
withstand temperatures as high as 200°C. 


ELECTRICAL SPECIFICATIONS 


Dissipation.......... 60 mW maximum 
Dissipation factor ....0.5 mW/°C 
Operating Temperature 

Range ........... —55°C to +200°C 


Breakdown Voltage. ..Glass Envelope 
to Leads (VRMS) 


1500 (min) 

Thermal 

Time Constant..... 6.0 seconds in still air 

bowes 0.6 seconds in liquid . 
MECHANICAL DATA . _.._ _ | 
Marking 
4 color dots ( A 
pita ~ 009 max 
rox. 0.1 grams 
i ‘ : eo j | tl oUt IV 

Mounting 
In any position by soldering Eo >>— ae 
Robustness of Terminations 

Tensile Strength: .225 Ib. (1 N) 787 AT2. 187 

Bending: 113 Ib. (0.5 N) (20) (12) (20) 

Torsion: 3 times min max min 
Soldering 

Solderability: Max. 240°C-Max. 4 sec. , inch 

Resistance to Heat: 260°C+5°C 10+1 sec. All dimensions in inches (mm) 
impact 

Free fall: 3.94" (100mm) 


Non-Flammable 


Band | & il Band Ill 
Resistance at 25°C Multiplier lentes 


Leads 0=Black 5=Green | 10° = Black 
j 1=Brown 6 = Blue 10! = Brown 
Domet (ti nned) 2 = Red 7 = Violet 102 = Red 


10% = Silver 
5% = Gold 


10% = Orange 
104 = Yellow 


3 = Orange 8 = Grey 
4=Yellow 9 = White 


Temperature 
625/85 Coefficient @ 
+ 5% 25°C (%C) 


3,868 
9,641 
23,340 
110,300 
223,500 
526,800 
1,223,000 
2,338,000 
5,437,000 
12,230,000 | 3,275,000 | 1,000,000 
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SERIES 640-6 


NTC Thermistors For Temperature 
Measurement and Compensation 


DESCRIPTION 


The Series 640-6 NTC Thermistors are radial 
leaded, color coded devices intended for gen- 
eral use and applications. Available in 10%, 5% 
and 3%. 


ELECTRICAL SPECIFICATIONS 
Dissipation.......... 250 mW, maximum 
Dissipation factor ....7 mW/°C 
Operating Temperature 


Range ............. —40°C to +150°C 
Thermal 
Time Constant..... Approx. 11 seconds 
in still air 
Beas Approx. 1.2 seconds 
In liquid 
MECHANICAL DATA 
Marking 


4 color bands 


Weight 


Approx. 0.22 grams 


Mounting 


In any position by soldering 


2 = Red 


Band | & il 
Resistance at 25°C 


0=Black 5=Green 
1=Brown 6=Blue 


3 = Orange 8 = Grey 
4= Yellow 9 = White 


7 = Violet 


Color Code Chart 
Band Ill Band IV 
Multiplier Tolerance 


10° = Black 
101 = Brown 
102 = Red 

103 = Orange 
104 = Yellow 


10% = Silver 
5% = Gold 
3% = Gold 


Part Number (By Tolerance) 


2322-640-62272 
2322-640-62332 
2322-640-62472 
2322-640-62682 
2322-640-62103 
2322-640-62123 
2322-640-62153 
2322-640-62223 
2322-640-62333 
2322-640-62473 
2322-640-62683 
2322-640-62104 
2322-640-62154 
2322-640-62224 
2322-640-62334 


2322-640-62474 


2322-640-63272 
2332-640-63332 
2322-640-63472 
2322-640-63682 
2322-640-63103 
2322-640-63123 
2322-640-63153 
2322-640-63223 
2322-640-63333 
2322-640-63473 
2322-640-63683 
2322-640-63104 
2322-640-63154 
2322-640-66224 
2322-640-63334 


2322-640-63474 


( 
625/85 (9%) 


2322-640-66272 
2322-640-66332 
2322-640-66472 
2322-640-66682 
2322-640-66103 
2322-640-66123 
2322-640-66153 
2322-640-66223 
2322-640-66333 
2322-640-66473 
2322-640-66683 
2322-640-66104 
2322-640-66154 
2322-640-66224 
2322-640-66334 


2322-640-66474 


(3.8) 0.118 max 


(3.0) 
cs ; 
ae 


0.197 max 


0.040 max | 
(1.0) 


(0.8) 
0.670 min 
(17) 
0.100 0.024 
a (2.54) = ad Fae 


All dimensions in inches (mm) 


B Tolerance Te T.1000 
25°C) (%/°C) Hrs 
(25°C) 125°C 
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SERIES 640-6 


Resistance : 
Deviation | Tempera- 
Tempera- Ratio due to £ ture Resistance wey for types 
ture R;/Ros Tolerance | Coefficient 2322 640 
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32.84 
23.77 
17.39 
12.85 
9.589 
7.223 
5.489 
4.207 
3.251 
2.531 
1.986 
1.569 
1.249 
1.000 
0.8060 
0.6536 
0.5331 
0.4372 
0.3606 
0.2989 
0.2490 
0.2085 
0.1753 
0.1481 
0.1256 
0.1070 
0.09155 
0.07861 
0.06775 
0.05860 
0.05086 
0.04429 
0.03870 
0.03392 
0.02982 
0.02629 
0.02324 
0.02061 
0.01832 
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SERIES 640-6 


Resistance 
Deviation | Tempera- 
Tempera- Ratio due to B ture. Resistance (kohm) for types 
ture R7/Ros Tolerance | Coefficient 2322 640 


pec | | wm | we | 612s | etss | 6229 


25.80 
12.12 
14.31 
10.81 
8.235 
6.328 
4.902 
3.826 
3.009 
2.383 
1.900 
1.524 
1.231 
1.000 
0.8171 
0.6713 
0.5545 
0.4603 
0.3840 
0.3219 
0.2711 
0.2293 
0.1948 
0.1661 
0.1423 
0.1223 
0.1055 
0.09133 
0.07935 
0.06917 
0.06048 
0.05305 
0.04668 
0.04119 
0.03645 
0.03234 
0.02878 
0.02507 
0.02295 
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SERIES 640-6 


Tempera- 


610 


ture 


Resistance 
Deviation 
due to B Resistance (kohm) for 
types 2322 640 


0.06205 
0.05333 
0.04600 
0.03981 
0.03457 
0.03011 
0.02633 
0.02307 
0.02028 
0.01787 
0.01579 
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SERIES 640-6 


Resistance 
Deviation 
Tempera- Ratio due to 6 Resistance (kohm) for 
ture Ry/Ros Tolerance | Coefficient types 2322 640 


pec || | mre | 683 | 6104 


36.65 
26.35 
19.14 
14.04 
10.40 
7.769 
5.855 
4.449 
3.407 
2.629 
2.044 
1.600 
1.261 
1.000 
0.7982 
0.6410 
0.5176 
0.4204 
0.3432 
0.2817 
0.2323 
0.1925 
0.1603 
0.1340 
0.1126 
0.09498 
0.08043 
0.06838 
0.05836 
0.04999 
0.04297 
0.03706 
0.03207 
0.02784 
0.02425 
0.02119 
0.01856 
0.01631 
0.01437 
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SERIES 640-6 


Resistance 
Deviation 
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612 


41.38 
29.47 
21:20 
15.41 
11.30 
8.363 
6.243 
4.700 
3.566 
2.726 
2.100 
1.629 
pd 
1.000 
0.7911 
0.6296 
0.5040 
0.4058 
0.3285 
0.2673 
0.2186 
0.1797 
0.1484 
0.1231 
0.1026 
0.08582 
0.07211 
0.06083 
0.05152 
0.04380 
0.03737 
0.03199 
0.02749 
0.02369 
0.02049 
0.01778 
0.01547 
0.01349 
0.01181 


due to B 


Resistance (kohm) for 
types 2322 640 
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SERIES 640-6 


Resistance | 
Deviation 
Tempera- Ratio due to £ Resistance (kohm) for 
ture Ry/Ros Tolerance | Coefficient types 2322 640 


pec [| | wre | 634 | 6474 


47.68 
33.56 
23.87 
17.15 
12.44 
9.103 
6.721 
5.005 
3.756 
2.842 
2.166 
1.663 
1.285 
1.000 
0.7832 
0.6172 
0.4893 
0.3901 
0.3128 
0.2521 
0.2043 
0.1664 
0.1362 
0.1120 
0.09247 
0.07671 
0.06391 
0.05346 
0.04490 
0.03786 
0.03204 
0.02722 
0.02320 
0.01984 
0.01704 
0.01467 
0.01267 
0.01098 
0.00954 
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SERIES 640-9 


NTC Thermistors in 
Stainless Steel Housings 


DESCRIPTION 


The Series 640-9 NTC Thermistors are stainless 
steel housings designed for fluid temperature 


measurement. 
ELECTRICAL SPECIFICATIONS 
Dissipation ......... 250 mW maximum 
Dissipation Factor . .. . In still air approx. 
7.5 mW/°C 
....1n still water approx. 
18 mW/°C 


Operating Temperature Range: 
—25°C to +110°C continuous 
+113°C peak for 24 hours 
0 to +55°C Maximum Power 


Thermal 
Time Constant: ... . approx. 285 seconds 
in still air 
.... approx. 11 seconds 
in liquid 


Dielectric Withstanding Voltage between 
terminals and capsule 


pee Goeeueee eae ce os 1500 VRMS for 
60 seconds 
ee ee ee 1650 VRMS for 
10 seconds 
MECHANICAL DATA 
Marking .031 + .001 (0.8 + 0.03) 
Color Dot between terminals 
Weight .167 + 039 (4 + 1) 


157 + .039 (4 + 1) 


Approx. 8 grams 
Mounting 043 
AMP terminals in any position | | (tal) max 


Robustness of Terminations: Ae 
Tensile Strength: 11 lbs (50 N) 039 (12.2) min 


Vibration 
.768 .020 
(19.5) max (0.5) max 
1.181 (30) min 


10 to 45 HZ .098”" (2.5mm) amplitude 
All dimensions in inches (mm) 


45 to 2000 HZ 20g peak A 
Resistance | Resistance B 
@ 25°C @ 90°C Dimension ColorDot | 25/85 
(ohms) (ohms) “A’ inches (mm) Part Number Marking (+=5%) 


1H in each of 3 axes 

2 octaves per minute Bright Tinned Brass 
110 (2.8) 2322-640-90022 
.248 (6.3) 2322-640-90023 


.110 (2.8) 2322-640-9001 1 
.248 (6.3) 2322-640-90007 


394 
(10) max 


impact 
39.4" (1000mm) 


Non-flammable 
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SERIES 642-6 


NTC Thermistors for Temperature 
Measurement and Compensation 


DESCRIPTION 


The Series 642-6 NTC Thermistors are radial 
leaded, color coded devices intended for general 
use. Available in 10% and 5%. 


ELECTRICAL SPECIFICATIONS 
Dissipation ......... 500 mW maximum 
Dissipation Factor... .8.5 mW/°C 
Operating Temperature 


Range ........... —40°C to +150°C 
Thermal 
Time Constant. .... approx. 17 seconds in 
still air 
MECHANICAL DATA 
Marking 


4 color bands 


Weight 


Approx. 0.25 grams 


Mounting 


In any position by soldering 


Robustness of Terminations: 


Tensile Strength: 2.25 Ibs (10 N) 
Bending: 1.12 Ibs (5 N) 


Soldering 


Solderability: Max. 240°C -Max. 4 seconds 


Resistance to Heat: 260 +5°C 


impact 


Free Fall 39.4" (000mm) 
Self-Extinguishing 


Resistance 
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Part Number 
(By Tolerance) 


2322-642-62338 
2322-642-62478 
2322-642-62688 
2322-642-62109 


2322-642-62159 
2322-642-62229 


2322-642-62339 
2322-642-62479 
2322-642-62689 
2322-642-62101 
2322-642-62151 
2322-642-62221 


2322-642-62331 


2322-642-62471 | 2322-642-63471 0=Black 5=Green | 10° = Black 

2322-642-62681 2322-642-63681 1=Brown 6=Blue 101 = Brown 
2322-642-62102 | 2322-642-63102 2 = Red 7 = Violet 102 = Red 

2322-642-62152 | 2322-642-63152 3=Orange 8 =Grey 103 = Orange | 10% = Silver 


2322-642-62222 


2322-642-63338 
2322-642-64782 
2322-642-63688 
2322-642-63109 
2322-642-63159 
2322-642-63229 
2322-642-63339 
2322-642-63479 
2322-642-63689 
2322-642-63101 
2322-642-63151 
2322-642-63221 
2322-642-63331 


2322-642-63222 


10 +1 seconds 


625/85 
+5% 


0.100 
(2.54) 


0.138 max 
fj. 85) 
‘ail 


(0.6) >} 


All dimensions in inches (mm) 


Color Coding 


Band | & Il Band Ill Band IV 
Resistance at 25°C Multiplier Tolerance 


4=Yellow 9=White | 104 = Yellow 5% = Gold 
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SERIES 642-6 


2322-642 | 2322-642 | 2322-642 | 2322-642 | 2322-642 | 2322-642 | 2322-642 
— 63338 -63478 -63688 -63109 -63159 -63229 -63339 
Temp °C 


R Ohms R Ohms R Ohms R Ohms R Ohms R Ohms R Ohms 
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2322-642 
-63479 
R Ohms 


2322-642 
-63689 
R Ohms 


2322-642 


-63101 
R Ohms 


1355.21 
1078.50 
862.81 
693.76 
560.56 
455.07 
371.12 
304.00 
250.08 
206.57 
171.32 
142.64 
119.21 
100.00 
84.18 
Tid 


60.28 
51.27 
43.74 
37.44 
32.14 
27.68 


SERIES 642-6 


2322-642 


-63151 
R Ohms 


2023.93 
1617.50 
1298.42 
1046.76 
847.38 
688.76 
562.03 
460.38 
378.53 
312.36 
258.68 
212.98 
179.27 
150.00 


2322-642 


-63221 
R Ohms 


3256.86 
2580.00 
2053.54 
1642.03 
1318.85 
1063.86 
861.79 
700.96 
572.42 
469.28 
386.18 
318.98 
264.44 
220.00 
183.67 
153.87 
129.33 
109.07 
92.28 
78.33 
66.69 
56.96 
48.79 
41.92 
36.13 
31.22 
27.06 
23.51 
20.49 


2322-642 
-63331 
R Ohms 


5354.54 
4205.00 
3319.03 
2632.60 
2098.07 
1679.78 
1350.91 
1091.16 
885.10 
720.91 
589.55 
484.02 
398.91 
330.00 
274.00 
228.32 
190.93 
160.22 
134.90 
113.96 
96.59 
82.13 
70.05 
59.93 
51.43 
44.27 
38.22 
33.09 
28.72 
25.01 


2322-642 
-63471 
R Ohms 


8852.42 
6835.50 
5310.41 
4149.99 
3261.71 
2577.77 
2048.20 
1635.91 
1313.23 
1059.38 
858.70 
699.27 
572.02 
470.00 
387.83 
321.38 
267.39 
223.37 
187.32 
157.68 
133.22 
112.97 
96.13 
82.08 
70.33 
60.45 
52.13 
45.09 
39.13 
34.05 
29.72 
26.01 
22.83 
20.09 
17.73 
15.69 
13.91 
12.37 
11.02 
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SERIES 642-6 
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2322-642 


-63681 
R Ohms 


11252.69 
8850.00 
6992.17 
5548.69 
4421.91 
3538.43 
2842.72 
2292.60 
1855.86 
1507.78 
1229.33 
1005.76 

825.63 
680.00 
961.86 
465.72 
387.22 
322.94 
270.14 
226.63 
190.68 
160.90 
136.14 
115.52 
98.29 
83.85 
71.73 
61.52 
52.90 
45.60 
39.41 
34.15 
29.66 
25.83 
22.54 
19.72 
17.29 
15.20 
13.39 


2322-642 


-63102 
R Ohms 


20487.67 
15735.00 
12156.49 
9445.59 
7379.82 
9796.72 


— 4576.85 


3631.88 
2896.10 
2320.34 
1867.64 
1510.01 
1226.21 
1000.00 
818.91 
673.34 
959.85 
460.63 
383.17 
319.91 
268.06 
225.41 
190.20 
161.03 
136.79 
116.57 
99.66 
85.46 
73.51 
63.42 
54.88 
47.62 
41.43 
36.15 
31.62 
27.74 
24.39 
21.50 
19.00 


2322-642 


-63152 
R Ohms 


35038.17 
26587.50 
20302.26 
15597.23 
12053.09 
9367.30 
7320.12 
9750.91 
4541.53 
3604.54 
2874.88 
2303.84 
1854.78 
1500.00 
1218.42 
993.94 
814.22 
669.71 
993.05 
458.49 
381.55 
318.70 
267.16 
224.76 
189.74 
160.73 
136.60 
116.47 
99.62 
85.48 
73.56 
63.50 
94.97 
47.72 
41.54 
36.26 
31.74 
27.85 
24.50 


2322-642 


-63222 
R Ohms 


98579.87 
43920.00 
33148.86 
25180.61 
19246.91 
14800.11 
11447.08 
8903.75 
6963.48 
9475.02 
4326.99 
3436.88 
2743.23 
2200.00 
1772.53 
1434.57 
1166.17 
952.06 
780.51 
642.50 
931.00 
440.56 
366.92 
306.72 
257.34 
216.67 
183.06 
155.19 
132.00 
112.64 
96.42 
82.79 
71.31 
61.60 
53.36 
46.36 
40.39 
35.28 
30.90 
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SERIES 642-7 


NTC Thermistors for Temperature 
Measurement and Compensation 


DESCRIPTION 


The Series 642-7 NTC Thermistors are mounted 
in a metric threaded aluminum bolt and are 
intended for general use. Available in 10% and 5%. 


ELECTRICAL SPECIFICATIONS 
Dissipation ......... 500 mW Maximum 
Dissipation Factor... .23 mW/°C 
Operating Temperature 

Range ........... —40°C to +150°C 


Time Constant..... approx. 7.5 seconds in 
still air 
Dielectric between 
Terminals and 
Screw ........... 100 VRMS minimum 


MECHANICAL DATA 


Marking 
Last four digits of part number 


Weight 787 in. |-{ 019 in. 
Approx. 1.38 grams + 0.08 ; 


Mounting 20 mm + 2 


In any position by means of a washer and nut (provided). 216 in 
Leads to be soldered. 319 in. 8.1 mm 55 mm 


Robustness of Terminations S12 in. 7.2 mm 
Tensile Strength: 2.25 Ibs (10 N) 964 in. 6.7 mm 
Bending: 1.12 Ibs (5 N) 248 in. 6.3 mm 


Torque: .885 ft-lb (1.2 Nm) 
Soldering ale | 


Solderability: Max. 24°C-Max. 4 seconds Metric an 
Resistance to Heat: 260 +5°C 10 +1 seconds not include 


Impact " 

Free Fall 3.94" (100mm 

ree Fall 3.94" ( ) 315 in. 8.0 mm 

Self-Extinguishing | 311 in. 7.9 mm 
Part Number 

Resistance 625/85 


@ 25 0% ? : All dimensions in inches (mm) 


2322-642-72338 | 2322-642-73338 
2322-642-72478 | 2322-642-74782 
2322-642-72688 | 2322-642-73688 
2322-642-72109 | 2322-642-73109 
2322-642-72159 | 2322-642-73159 
2322-642-72229 | 2322-642-73229 


2322-642-72339 | 2322-642-73339 
2322-642-72479 | 2322-642-73479 
2322-642-72689 | 2322-642-73689 
2322-642-72101 | 2322-642-73101 
9322-642-72151 | 2322-642-73151 
2322-642-72221 | 2322-642-73221 
2322-642-72331 | 2322-642-73331 
9322-642-72471 | 2322-642-73471 
9322-642-72681 | 2322-642-73681 
2322-642-72102 | 2322-642-73102 
2322-642-72152 | 2322-642-73152 
2322-642-72222 | 2322-642-73222 
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Series 642-7 


2322-642 | 2322-642 | 2322-642 | 2322-642 | 2322-642 | 2322-642 | 2322-642 
7.338 7.478 : : 7.159 7.229 7.339 
R Ohms R Ohms R Ohms R Ohms 


NOTE: Replace “” with “2” for 10% tolerance 
Replace “.” with “3” for 5% tolerance 
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2322-642 


SERIES 642-7 


2322-642 | 2322-642 | 2322-642 | 2322-642 | 2322-642 | 2322-642 
7.479 7.689 7.101 7.151 7.221 7.331 7.471 
R Ohms R Ohms R Ohms R Ohms R Ohms R Ohms R Ohms 


1355.21 2023.93 3256.86 5354.54 8852.42 
1078.50 1617.50 2580.00 4205.00 6835.50 
862.81 1298.42 2053.54 3319.03 5310.41 
693.76 1046.76 1642.03 2632.60 4149.99 
560.56 847.38 1318.85 2098.07 3261.71 
455.07 688.76 1063.86 1679.78 2o1(.t7 
371.12 562.03 861.79 1350.91 2048.20 
304.00 460.38 700.96 1091.16 1635.91 
250.08 378.53 © 572.42 885.10 1313.23 
206.57 312.36 469.28 720.91 1059.38 
171.32 258.68 386.18 589.55 858.70 
142.64 212.98 318.98 484.02 699.27 
119.21 179.27 264.44 398.91 572.02 
100.00 150.00 220.00 330.00 470.00 
84.18 125.92 183.67 274.00 387.83 
71.12 106.05 153.87 228.32 321.38 
60.28 89.60 129.33 190.93 267.39 
51.27 75.94 109.07 160.22 223.37 
43.74 64.57 92.28 134.90 187.32 
37.44 55.06 78.33 113.96 157.68 
32.14 47.10 66.69 96.59 133.22 
27.68 40.40 56.96 82.13 112.97 
23.90 34.76 48.79 70.05 96.13 
20.70 29.99 41.92 59.93 82.08 
25.95 36.13 51.43 70.33 

22.52 31.22 44.27 60.45 

19.59 27.06 38.22 52.13 

17.09 23.51 33.09 45.09 

14.95 20.49 28.72 39.13 

13.11 17.91 25.01 34.05 

11.53 15.69 21.83 29.72 

10.16 13.78 19.11 26.01 

8.98 12.14 16.77 22.83 

7.96 10.71 14.75 20.09 

7.06 9.48 13.01 17.73 

6.29 8.41 11.51 15.69 

5.61 7.48 10.20 13.91 

5.02 6.67 9.06 12.37 

4.50 5.96 8.07 11.02 


NOTE: Replace “.” with “2” for 10% tolerance 
Replace ‘“.” with “3” for 5% tolerance 
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Series 642-7 


2322-642 
7.681 
R Ohms 


11252.69 
8850.00 
6992.17 
9948.69 
4421.91 
3538.43 
2842.72 
2292.60 
1855.86 
1507.78 
1229.33 
1005.76 

825.63 
680.00 
561.86 
465.72 
387.22 
322.94 
270.14 
226.63 
190.68 
160.90 
136.14 
115.52 
98.29 
83.85 
Fisha 
61.52 
52.90 
45.60 
39.41 
34.15 
29.66 
25.83 
22.54 
19.72 
17.29 
15.20 
13.39 


2322-642 


7.102 
R Ohms 


20487.67 
15735.00 


12156.49 


9445.59 
7379.82 
5796.72 
4576.85 
3631.88 
2896.10 
2320.34 
1867.64 
1510.01 
1226.21 
1000.00 
818.91 
673.34 
999.85 
460.63 
383.17 
319.91 
268.06 
225.41 
190.20 
161.03 
136.79 
116.57 
99.66 
85.46 
73.51 
63.42 
04.88 
47.62 
41.43 
36.15 
31.62 
27.74 
24.39 
21.50 
19.00 


2322-642 
7.152 
R Ohms 


35038.17 
26587.50 
20302.26 
15597.23 
12053.09 
9367.30 
7320.12 
9750.91 
4541.53 
3604.54 
2874.88 
2303.84 
1854.78 
1500.00 
1218.42 
993.94 
814.22 
669.71 
953.05 
458.49 
381.55 
318.70 
267.16 
224.76 
189.74 
160.73 
136.60 
116.47 
99.62 
85.48 
73.56 
63.50 
04.97 
47.72 
41.54 
36.26 
31.74 
27.85 
24.50 


NOTE: Replace ‘“” with “2” for 10% tolerance 


622 


Replace “”’ with “3” for 5% tolerance 


2322-642 
7.222 
R Ohms 


58579.87 
43920.00 
33148.86 
25180.61 
19246.91 
14800.11 
11447.08 
8903.75 
6963.48 
9475.02 
4326.99 
3436.88 
2743.23 
2200.00 
1772.53 
1434.57 
1166.17 
952.06 
780.51 
642.50 
531.00 
440.56 
366.92 
306.72 
257.34 
216.67 
183.06 
155.19 
132.00 
112.64 
96.42 
82.79 
71.31 
61.60 
53.36 
46.36 
40.39 
35.28 
30.90 
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SERIES 644-9 


NTC Thermistors for Surge Current Limiting 


DESCRIPTION 


The Series 644-9 NTC Thermistors are designed 
for surge current limiting applications. 


| + 
CG 
v 


L 


|p 


Part Number 
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(0 


0, 


Figure 1 ~ \ 


8 


8 


i 
i 


— 


Resistance 


at 25°C 
+25% 
(ohms) 


Dimensions in inches (mm) 


Resistance 
at 
| max (ohms) 


D 
(max.) 


.630 (16) 
.995 (24) 


.669 (17) 


ot (13.5} 
931 (13.5) 
.931 (13.5) 
031 (13.5) 
.374 (10) 
945 (24) 
945 (24) 


Maximum 
continuous 
current, 
0 to 55°C 


F 
(max.) 


197 (5) 
197 (5) 


.161 (4.1) 


157 (4) 
177 (4.5) 
.192 (5) 
.236 (6) 
177 (4.5) 
.206 (6.5) 
.276 (7) 


L 
(min.) 


2.2 (56) 
2.3 (59) 


Approximate 
dissipation 


factor 


depends on 
mounting method 


Size 
(see Fig. 1) 
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SERIES 644-9 


SURGE CURRENT LIMITING 


Switch surge Current 
limiter 


Fig. 2 Typical mains input circuit with an NTC surge current limiter in the 
input line. The current/time characteristics shows the suppression effect of 
the NTC surge current limiter. 


Current 


I Without NTC surge current limiter 


With NTC surge current limiter 


4 


Switch-on 


SURGE CURRENT LIMITING 

Surge currents occurring when electrical appli- 
ances are switched on can cause serious 
problems. Circuit components can easily be 
damaged and high starting torques can quickly 
wear out belts and moving parts. However, surges 
can be prevented using just one small compo- 
nent—the negative temperature coefficient (NTC) 
surge current limiter. 

Fig. 2 shows a typical mains input circuit with 
an NTC surge current limiter in the input line. At 
switch-on, the ‘cold’ resistance of the surge 
current limiter is high enough to limit the surge 
current to a safe level but after a few milliseconds, 
during which time the surge has been suppressed, 
the surge current limiter has heated up and its 
resistance has fallen to a value that allows normal 
operation of the equipment. A period of 30 to 60 
seconds must be allowed between switching-off 
and switching-on again for it to cool down, other- 
wise, only partial transient protection may be 
provided. 
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withstanding 
current 


(msec) Time 


Fig. 3 Typical current/time characteristics of our surge current limiters. 
Maximum withstanding current of more than 8 times the specified maximum 
continous current proves that our surge current limiters will repeatedly 


withstand severe transients. 


MAXIMUM WITHSTANDING CURRENT 

It is very difficult to define the maximum with- 
standing current (Fig. 3) that our surge current 
limiters can handle before breaking down. During 
normal operation the current limit of our surge 
current limiters is defined by V/R.., where V is 
the applied voltage. However, we’ve tested our 
644 90018 surge current limiters under overload 
conditions and we've established that they can 
withstand at least 60 A surge current without any 
apparent degradation, and since this figure is 
more than eight times the specified maximum 
continuous current, there’s no doubt that our 
surge current limiters will repeatedly withstand 
severe transients. 
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SERIES 644-9 


MOUNTING 

Under steady-state conditions our surge current 
limiters can become quite hot. However, their long 
leads prevent overheating of pcb tracks and 
melting of soldered joints. Therefore, the leads 
should not be shortened excessively if mounted 
in free air. 


Figure 4 shows typical measured temperatures 
under various surge currents for a 644 90018 
surge Current limiter. Of course the surge current 
limiter could also be cooled by a fan or mounted 
on a heatsink. Our Applications Department will 
be pleased to advise on mounting methods for 
your particular application. 


1: Core temperature of surge current limiter. 


APPLICATIONS 

Our surge current limiters are ideal for: 

= Limiting surge currents to national standard 
levels of mains pollution. 

= Protecting semiconductor devices from surges. 

@ Preventing fuse-blowing at switch-on. 

m™ Preventing excessive wearout of belts and 
moving parts by reducing starting torque. 

@ Increasing lifetime of projector and other 
lamps, particularly where long life is important 
and access is difficult (e.g. swimming pools, 
street lamps). 

= Protecting switch contacts. They are used with: 
power supplies, a.c. and d.c. motors, trans- 
formers, power-factor capacitors, relays, 
filament lamps, projector lamps, street lighting, 
personal computers, video monitors, chain- 
saws, power drills, vacuum cleaners, solariums, 
microwave cookers...and numerous other 
applications. 


2: Surface temperature of surge current limiter ( point X ). 


3: Track temperature (point Y ). 


dimensions in mm 


64490018 


Yi | | | | 
ia 


d.c. sites (A) 
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SERIES 645-0 
NTC Thermistors for Temperature Measurements 


DESCRIPTION 

The Series 645-0 NTC Thermistor was developed 
as a general purpose temperature sensor. It is a 
radial leaded, coated disc with solid tinned 
copper leads. 


ELECTRICAL SPECIFICATIONS 


Dissipation ......... 100 mW maximum 
Dissipation Factor... .6.6 mW/°C 
Operating 
Temperature ...... —40°C to +150°C 
Thermal 
Time Constant... .. Approx. 8.5 seconds in 
still air 
bole «2 Approx 1.15 seconds in 
liquid 
MECHANICAL DATA 


All Dimensions in Inches (mm) 


Weight | 
Approx 0.22 grams 


Mounting 
In any position by soldering 


Robustness of Terminations 
Tensile Strength: 2.25 Ib (10 N) 
Bending: 1.12 lb (5 N) 


Soldering 
Solderability: Max. 240°C 4 seconds maximum 
Resistance to Heat: 260°C +5°C 10sec +1 sec. 


Impact 
Free Fall 39.4" (1000 M) 


Non Flammable 


tL. 024 (0.6) 


Fig. 1 0,1 W types. 


ALL DIMENSIONS IN INCHES (MM) 
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Ratio Resistance Deviation | Temperature Resistance (kohm) for types 
Temperature R7/Ros due to £ Tolerance Coefficient 2322-640 


poe | wre 502 [ oso2 | 0802 | 0103 


32.84 

23.77 

17.39 

| 12.85 

9.589 
7.223 
9.489 
4.207 
3.251 
2.531 
1.986 
1.569 
1.249 
1.000 
0.8060 
0.6536 
0.5331 
0.4372 
0.3606 
0.2989 
0.2490 
0.2085 
0.1753 
0.1481 
0.1256 
0.1070 
0.09155 
0.07861 
0.06775 
0.05860 
0.05086 
0.04429 
0.03870 
0.03392 
0.02982 
0.02629 
0.02324 
0.02061 
0.01832 


(1) Replace dot in code number (9th digit) by: 2 for a tolerance of 10% 
3 for a tolerance of 5% 


5 
> 
S 
= a 
5 
= 
+ 
= 
p 
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PTC Thermistors 


INTRODUCTION | 
Positive Temperature Coefficient (PTC) thermis- 
tors are resistors with a high positive temperature 
coefficient of resistance. They differ from NTC 
thermistors in the following aspects: 


¢ The temperature coefficient of a PTC thermistor 
is positive only between certain temperatures, 
outside this range the temperature coefficient 
is either zero or negative. 

- The absolute value of the temperature coeffi- 
cient of PTC thermistors is usually much higher 
than that of NTC thermistors. 

PTC thermistors are used as current limiters, 

temperature sensors and protectors against over- 

heating in equipment such as electric motors. 

They are also used as level indicators, time delay 

devices, thermostats, compensation resistors, etc. 

See ‘Applications: 

PTC thermistors are prepared from BaTiOs, or solid 

solutions of SrTiO; or PbTiO; in a similar way as 

NTC thermistors. Extra electrons on the Ti-ions are 

created by the introduction of foreign ions having 

a different valency. In these compounds there are 

two possibilities: substitution of trivalent ions like 

La®* or Bis* for Ba** or substitution of pentavalent 

ions like Sb°* for Nb°* for Ti. Both methods lead 

to identical results. If prepared in the absence of 
oxygen, these semiconductors have a weakly 
negative temperature coefficient. A strong posi- 
tive temperature coefficient is obtained by firing 
the ceramic samples in an oxygen-rich atmosphere. 

This is caused by the penetration of oxygen along 

pores and crystal boundaries during cooling after 

the firing process. The oxygen atoms, absorbed 

on the crystal surfaces attract electrons from a 

thin zone of the semiconducting crystals. In this 

way electrical potential barriers are formed con- 
sisting of a negative surface charge with, on both 
sides, thin layers having a positive space charge 
resulting from the now uncompensated foreign 
ions. These barriers cause an extra resistance of 
the thermistor. 
1 eV,/kT 
R, x ae (x =directly proportional to) 


Philips Components ° Airport Road, P.O. Box 760 « Mineral Wells, TX 76067 ¢ (817) 325-7871 + FAX: (817) 325-1052 629 


Here ‘a’ represents the size of the crystallites, thus 


{ 
2 is the number of barriers per unit length of the 


thermistor. V, represents the electrical potential 
of the barriers. As V, is inversely proportional to 
the value of the dielectric constant of the crystals 
it is clear that R, is extremely sensitive to varia- 
tions of the dielectric constant. Such a variability 
of the dielectric constant is a special property 
of materials with a ferroelectric nature like BaTiO, 
and its solid solutions. Above their ferroelectric 
Curie temperature @ the relative dielectric con- 
stant decreases with temperature according to 


er=7_ap 
T-0 

where C has a value of approximately 10° K. As 
a result the resistivity increases steeply just above 
the Curie temperature. Below the Curie tempera- 
ture the barriers are weak or absent, partly as a 
result of the high effective dielectric constant of 
BaTiO, in strong fields and partly as a result of 
the spontaneous polarization of the crystals which 
may compensate the boundary charges. 
At very high temperatures the electrons captured 
at the boundaries are gradually liberated, causing 
the potential barriers to decrease in strength. 
This means that the PTC loses its properties and 
may eventually act as an NTC if the temperature 
becomes too high. Therefore the applications of 
PTC thermistors are restricted by a certain 
temperature limit. 
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PTC Thermistors | 
Ce eee cement a a 
ELECTRICAL PROPERTIES 


Resistance/Temperature Characteristics 
Figure 1 shows typical resistance/temperature 
characteristics of an NTC and a PTC thermistor. 


logR 


Fig. 1. 


wo F& OT DH 


~150°C T 


Voltage/Current Characteristics 
Static voltage/current characteristics show the 
Current limiting ability of PTC thermistors. Up to 
a certain voltage the V/I characteristic follows 
Ohm’s law, but the resistance increases when 
the PTC is heated so much by the current it is 
carrying that its temperature reaches the switch 
temperature. See Fig. 2. Of course the V/I char- 
acteristic depends on the ambient temperature 
and on the heat transfer coefficient to the ambi- 
ence. In Fig. 2 the characteristic is plotted on a 
linear scale. In practice, however logarithmic 
scales are used more often, see Fig. 3. PTC ther- 
mistors show some voltage dependency. At higher 
voltages the resistance is somewhat lower than 
expected. It is possible to calculate accurately 
the top of the V/I characteristic if the R/T charac- 
teristic and the dissipation constant are known: 
The power dissipation is: P = l?R 
Thus a smallincreaseinP: AP = 2 IRAI + |24R 
At the top of the V/I curve Al, = 0, thus: 
Ar, =15 ak. 
(p indicates that the 
values are taken at 
the top of the V/I 
characteristic). 
Also AP = DAT, thus: 
AP = DAT.—|2 AR, 
AT. 
or AR 


° = /2 
D=.2 
p 
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Fig. 2 Voltage/current characteristics of a PTC thermistor on linear scale, 
with ambient temperature as a parameter. 


With ambient temperature as a parameter 


LAS | | | LAN Se ei aes 


a 100 
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Fig. 3 Voltage/current characteristic on logarithmic scale. 
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PTC Thermistors 
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Rpt- ——-——— 


0 


——? T 


Tamb Tp 


Fig. 4 Part of the resistance/temperature characteristic on a linear scale. 


From Fig. 4: 
AT, _ Tp — Tam 
ARs Rp 


- lp = D (To Tame) 

Rp 
For given ambient temperature (Tamp) and D, Rp 
and T, can easily be found; see Fig. 4. 
The calculation shows that if D is increased n 
times (e.g. by a heatsink, or ambience with better 
heat conductivity) |, increases Wn times. 
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PTC Thermistor In Series With A Load 

From the voltage/current characteristic it can be 
shown that because of the non-linearity of the 
PTC-curve three working points are possible when 
a load R is connected in series with the PTC. 
See Fig. 5. The characteristic of the load is a 
straight line intersecting the voltage co-ordinate 
at V,, the supply voltage. P; and Pp» are stable 
working points; P3 is unstable. 

When the voltage V, is applied to the series con- 
nection, equilibrium will be reached at P;, a point 
with a relatively high current. P2 can only be 
reached when the top of the V/I curve comes 
below the load characteristic. This may happen 
in the following cases: 

-V, increases, see Fig. 6; 

- the ambient temperature increases, see Fig. 7; 
- the load resistance decreases, see Fig. 8. 
The PTC thermistor is thus an excellent protector, 
limiting the load to a safe value if supply voltage, 
temperature or current exceeds a critical value. 


Fig. 5 PTC thermistor in series with a load showing the possible 
working points. 
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Vet ——> V Vo2 


Fig. 6 PTC thermistor in Series with a load showing the influence 
of the supply voltage Va 


Va —_—es V 


Fig. 7 PTC thermistor in Series with a load showing the influence 
of ambient temperature 
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Fig. 8 PTC thermistor in Series with a load showing the influence 
of the load resistance 
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PTC Thermistors 


Current/Time Characteristics 

lf a PTC thermistor is connected in series with a 
resistance of such a value that the top of the V/I 
Curve lies under the load line, the PTC will heat 
up till the stable working point Po is reached 
(Fig. 9). The time it takes to reach this point 
depends very much on the value of the load R 
(Fig. 10) and the ambient temperature. 
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Fig. 9 PTC thermistors in series with different resistors. ——_— _—V (V) 
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Fig. 10 Current/time characteristics showing the influence of the load. 
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EXPLANATION OF TERMS 


Switch temperatures (T,) 

The switch temperature T, is the higher of the two 
temperatures at which the resistance R, is twice 
the minimum resistance R,in (See Fig. 11). 

So, at Ts>Tpmin: R. =2 Minin: 


Re =2x Amin 


Rimi 


Trmin 


T 


Tempertature coefficient (a) 


The temperature coefficient a = 


For R-T curves plotted on a long R-lin T 
dinR 1 dlogR 


a~ dT ~0.4343° aT 


log R 


i i. 
100 log Re—-R; 

2~ 0.4343 ° To-T; 

where R; and R2 are points on the tangent 


a can be calculated from 


1 dR 
R dT°: 
scale: 


T 


%/°C 
and TT, 


and T2 are the corresponding temperatures. 
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PTC Thermistors 


In the data sheets the maximum temperature 

coefficient is given, this is the a measured at the’ 

point of inflection of the log R-lin T characteristic, 
d?logR 

i.e.the pointwhere qtz = 0, see Fig. 13. 


log R 
log Re 


point of inflection 


Fig. 13. 


4 
inflectional tangent 
1 


log R; 


When one resistance decade is taken (Re = 10R:1) 
the formula reduces to 
__100, _1 

a= 0 4343 ToT, °C 
Thermal time constant (7) 
The thermal time constant represents the time 
required for a thermistor to change 63.2% of 
the total difference between its initial and final 
body temperatures when subjected to a step 
function change in temperature under zero- 
power conditions. 
The 7 given in the data is found as follows (for 
Ts>25°C): 


Measure [T;, the temperature of the PTC at Vmax, 
at an ambient temperature of To = 25°C; Ts is 
known, So 7 can be calculated from: 
t 
"In (T1-To)/(Ts—To) ? 
where t is the time required for cooling the PTC 
from T; to Tg in still air at 25°C. 


Voltage dependence 

PTC thermistors show a voltage dependence. 
This effect can be explained with the aid of a 
parallel connection of an “ideal PTC” having no 
voltage dependence and an “ideal VDR’” for which 
the relation between voltage and currents is: 
V=C.Ip 

See Fig. 14. 


V=C(I)B 
ideal VDR: V = C (I1)2 


ee see 
U late" 


® }=11+ 111 


+t 
as 


ideal PTC: y =|"R 
Fig. 14 
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Vpulse 


V; 


These lines coincide with the PTC curve (mea- 
sured under pulse conditions to avoid internal 
heating) at low voltages where the ohmic behaviour 
is the deciding factor, and at high voltages where 
the VDR effect becomes more significant. 


Two aspects of the voltage dependence are 
specified in the data sheets: 


Balance voltage (Vp) 


Where the two straight lines intersect, the current 
through the ideal PTC is equal to the current through 
the ideal VDR. The voltage at which this occurs 
is called the balance voltage V, and is specified 


at a certain temperature. 
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mani ull ll 
oer PTC curve (no self heating) =e 


Plotted on log I-log V scale at an arbitrary constant 
temperature the ideal PTC and the ideal VDR 
characteristics are straight lines, see Fig. 15. 


Fig. 15 


Voltage dependence ({) 
The £ of the ideal VDR is a measure of the voltage 
dependence of the PTC and can be calculated 
using the formula: 
_ log V3/V2 
B = tog (Is—V3/R)/(le—Vo/R) 
where V3 and V2 are pulse voltages > Vp and R= 


Vi 
I 7, measured at V; < 1.5 V (d.c.). 


B is also specified at a certain temperature. 
Vb and £6 are useful parameters for estimating 


the voltage dependence of a particular PTC 


thermistor. 
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PTC Thermistors 
a a 
HOW TO MEASURE PTC THERMISTORS 
As PTC thermistors often show a very high tem- 
perature coefficient especially at high tempera- 
tures, measurements at these high temperatures 
must be carried out with particular care. Even 
an error of 0.1°C can give an error in resistance 
of a few percent. Specially calibrated thermom- 
eters have to be used. Stem correction has to be 
applied; deviatons of more than 0.1°C may result 
if itis not used. The stem correction formula for 
fluid thermometers is: 
Tc =Tot+F° L (To — Tm), 
where: Tc = corrected temperature; 
o = observed temperature; 
Tm = mean temperature of exposed stem; 
L =length of the exposed column in K 
above the surface of the substance 
whose temperature is being deter- 
mined; 
F =correction factor. 
F is approximately 0.00016 for a mercury ther- 
mometer. 
For example with To = 110°C, Tm = 70°C and 
L=50K: Tc = 110.32°C, thus without stem correc- 
tion an error of more than 0.3°C would have been 
made. It is also necessary to measure the resis- 
tance with a voltage below 2 V in order not to 
heat the PTC and also to diminish voltage-depen- 
dent effects. 


Tolerances 
The resistances of standard PTC thermistors are 
specified at | 

(1):25°C° 

(2) Atemperature above the switch temperature. 
The switch temperature is also given. 
For each standard type tolerances are specified 
for R25 and the high-temperature resistance. The 
tolerance on switch temperature is not specified: 
normally it is only a few °C. 
Special types are often specified according to 
the requirements for the particular application. 
The PTC thermistors for motor control, for in- 
stance, can be specified at a high temperature 
with a rather close tolerance, while the tolerance 
below the switch temperature, being less impor- 
tant, is much greater. PTC thermistors for current 
limiting applications are in most cases specified 
in terms of voltage and current. 
It will be clear that the specification and the tol- 
erances of PTC thermistors depend on the appli- 
cation, and are not limited to the standard range 
published in this book. 
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PTC Thermistors 


APPLICATIONS 

The applications of PTC thermistors can be clas- 

sified in two main groups: 

¢ Applications where the temperature of the PTC 
is primary determined by the temperature of 
the ambient medium. 

- Applications where the temperature of the PTC 
is primary determined by the current through 
the PTC thermistor. 


The first group comprises applications such as 
temperature-measurement and control and cir- 
cuits for protection against excessive tempera- 
tures (e.g. motor protection). 

The second group includes applications such as 
Current stabilization and current sensitive switch- 
ing or overload protection, relay retardation, fluid- 
level indication and circuits for protection against 
over-voltages and short circuits. Also heating 
applications. 


Advice 

Do not apply a voltage above Vmax to the PTC, 
since this may destroy the thermistor. 

Do not connect PTC thermistors in series in order 
to obtain higher voltages or wattages: this may 
cause one PTC to heat up faster than the other(s) 
resulting in too high a voltage across this par- 
ticular PTC. 

lf special PTC characteristics are required which 
cannot be found in this book please specify your 
requirements as they can perhaps be fulfilled by 
one of our non-listed types. 
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Application Examples 

Protection against over-load or current sensitive 
switching 

As soon as the current increases the PTC limits 
it to a safe value. 


+t° 


load 


Spark suppression 

A PTC across.the switch acts as a spark sup- 
pressor. When the switch opens the low resis- 
tance of the cold PTC prevents sparking. 
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PTC Thermistors 


Current stabilization 

By using a parallel resistor a current stabilization 
circuit is obtained that compensates slowly vary- 
ing supply voltages. 


log ! 
log V 
+t° t 
Delaying action relays { 
A certain time after applying the voltage the relay 
is activated. 


Temperature protection of electric motors 
As soon as one or more windings become too 
hot the motor is switched-off. 
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PTC Thermistors 


Alarm installation | 
The PTC reacts on ambient temperature (too low 
or too high). 


Time delay circuit 

When the button is pressed the relay is activated 
and the lamp lights up. After some time the relay 
fo off due to the increase in resistance of the 


Liquid-level indication 

The PTC thermistors above the fluid-level will be 
heated to a temperature above Tswitch. When 
immersed they are cooled so that their resistance 
reduces. 


Temperature compensation of transistor circuits age 
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PTC Thermistors 


Thermostatically-controlled heating circuits | 
Two principal circuits are possible. In the first 


seoury-uoy [oy 


d 


SIS9 


S410} 


circuit the PTC thermistor acts as a control ele- 


-‘mentand as a heater atthe same time, while inthe 


second circuit it functions only as a control ~ +t° 
element. = 
+t° 

aw 

_ heater 
Protection of a stalled electric motor against 
overheating. ; +t? 
The increased current heats the PTC toitsswitch  \oitace 


temperature. As a result the total dissipated 
power is reduced to a safe value. 


Loudspeaker protection 
Protection of squawker and tweeter in a 3-way 
loudspeaker system. 


; af 
| Mor Aso 


ng woofer me squawker mg tweeter 
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PTC Thermistors 


Heating 


As used in hair curlers, heating plates. 


heat flow 


|e. thick ness ————__> 


Fig. 1. 


Ceramic elements with a positive temperature 

coefficient are particularly suitable for heating 

elements: 

- they are self-regulating, so don’t need thermo- 
stats to limit or stabilize temperature, 

- they warm-up fast, 

‘the dissipated power is virtually independent 
of supply voltage. 

The behaviour of PTC heating elements cannot 

easily be concluded from the R/T or V/I curves, 

because the temperature of the element is not 

homogenous during operation. In addition, the 

mounting has considerable influence on this be- 

haviour which includes the dissipated power, the 

relevant temperature and the extent of the power 

regulation. 

The uneven temperature profile across an element 

is due to the increased cooling of the faces of the 

element. This means that the inner temperature 

is usually higher than T, whereas the upper and 

bottom temperature is lower than T,. 

Fig. 1 shows a typical temperature profile across 

a heating element. 


The inner part of the element is high-ohmic and 
there the dissipation is taking place. Consequently, 
heat transfer is from the inside to the faces of the 
element. 

Itis possible to make a thermal equivalent circuit 
of a PTC heating system. Such a circuit can be 
considered, also for calculations, as an electric 
simulator, so that an analysis of the system can be 
realized. Table 1 shows the analogy between elec- 
trical and thermal parameters. Fig. 2 shows a sim- 
plified thermal equivalent circuit. 
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PTC Thermistors 


Table 1 


resistance Reh (K/W) 
voltage T = (9C) 
current P = =(W) 
Capacitance H  (J/K) 


Fig. 2 Thermal equivalent circuit. 


Using this thermal equivalent circuit, you can: 


- do simple calculations on the heating system 
(because of the resemblance with electrical 
circuits) 

* acquire a good insight in the operation of a PTC 
heater 

* predict the influence of different parameters. 

The power in stabilized conditions can be calcu- 

lated from: | 


T =], 
pe source amb (W) 
Rthi + Rtho + Rint 
The temperature of the object is: 


Rin : 
T, [T source _ Tam] + Tamb ( C) 
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= ——____—_—_____- x 
Rihi + Rtho + Rin 
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PTC Thermistors 


The time constant of the system is: 
Rtn x (Reni + Reno) 
Rtn + Rthi + Reho 


TT x 


* Tsource (°C) is mainly determined by T,. The value 


is approx. T, + 25 
* Tamb (°C) is ambient temperature 


- Riis the internal thermal resistance of the PTC. 


This value is mainly determined by: 
a) dimensions of the ceramic | 


b) thermal conductivity of the ceramic (a = 


2.4 W/mk) 


* Rind is the thermal resistance between the sur- 
face of the ceramic and the object to the heated 


and is computed from various parameters: 


a) thermal resistance between ceramic and 


isolator 
b) thermal resistance of the isolator 


c) thermal resistance between isolator and 


object to be heated 


- Rin is the thermal resistance of the object to be 


heated | 
- His the thermal capacity of the objeci 


For optimum heating performance, the Ri,. must 


be kept as low as possible. 


For the insulated heating element range 2322 680 0 
... the total thermal resistance (Rij + Rin) ts 
approximately 2.5°C, when properly mounted. 


Temperature/power curve 


Another presentation, derived from the thermal 
equivalent circuit is a graphical one: see Fig. 3. 


tya= Rehi + Riho 


Fig. 3. 
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PTC Thermistors 


Influence of ambient temperature, load and mount- 
ing on heating performance 


temp. 


Reht 


AT, 


& Tamb 


4P power 


Fig. 4 Influence of ambient temperature. 


temp. 
Riehl 
R 
AT tht2 
Tamb 
AP power 


Fig. 5 Influence of load variation. 


temp. 
Rent 


badly mounted 
well mounted 


The temperature power curve must be as flat as 
possible for the best temperature stabilization 
properties (Ri. as low as possible). 


4Ti2 


AP} AP2 power 


Fig. 6 Influence of mounting method. 
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PTC Thermistors 
Pell a ckchcsteneciasinttatiet 


When a heating element such as 2322 680 04022 
is mounted in an aperture which is too large, the 
thermal coupling will be poor. This results in a 
high value is Riho- 

When a heating element is not heavily loaded, e.g. 
in a hair curler (represented by R;,1) the influence 
of poor mounting is not so severe as for a system 
in which the heating element is heavily loaded, 
e.g. in a pre-heating system for an oil burner 
(represented by Rips). 


Example 
Heating plate using PTC 2322 680 04022. 


Dimensions in Inches (mm) Fig. 7. 


The aluminum plate is 5.12 x 5.12 x .079 (130 
x 130 x 2). The results are depicted in Fig. 8. 


Af | | 
VeTT TT tt? t tt yt ttt tt 
ES = 


0 
0 10 20 30 
{ t (min) 
A B 


Fig. 8 A = heating plate switched on, unloaded; B = loaded with pyrex 
water jug containing 1 liter, 90°C; ambient air temperature = 20°C 
(constant). 
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PTC Thermistors 

a PTA ER SAD, [SN ee ee 
The following data book pages represent ‘‘stan- 

dard” items available. Many “specials” not shown 

already exist and we are always ready to develop 

cost effective solutions to your particular require- 

ments. If you can’t find what you need or if you 

have questions regarding any of our VT&S products, 

contact our factory in Mineral Wells, Texas for 

application and engineering assistance. 
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SERIES 660 
Disc PTC Thermistors 


5% to 40%/°C T. C. of R 50 to 2500 at 25°C 6° to 105°C Switch Temperature 


DESCRIPTION 


Series 660 Thermistors span a considerable oper- 
ational spectrum, in both thermal and electrical 
domains. It features a low thermal time constant, 
providing rapid response to electrical and thermal 
overloads, and subsequent rapid recycling upon 
recovery. 7 


DESIGN FEATURES 


= Low Time Constant—18 seconds, average, for 
rapid response, quickrecycling, upon overload 
or excessive temperature excursion. 


= WideOperatingTemperatureRange—aslowas 
—25°C; ashighas 155°C, atzero power. To +55°C 
at full rated voltage. 


= Six Selectable Switch Temperature Ratings: 
+6°, +30°, +50°, +80°, +105°, and +115°C 
in standard catalog thermistors. 


#@ Miniature Size—maximum diameter .236 
& Thermistors are lacquer coated. 


: 
: 


%. 


: 
' 


TYPICAL APPLICATIONS 

= Temperature Measurement, for analog or digi- 
tal monitoring, recording, and control of equip- 
ment and process operational temperatures. 


& Temperature Compensation in electronic and 
electrical circuits, electromechanical devices, 
hermetic sealed components, and instrumen- 
tation. 


@ Overvoltage and Overcurrent Protection for 
light electronic and electrical loads. 


# Ambient Temperature Alarm for high or low 
temperatures (outside a selected range) in 
critical circuitry, components, or processes. 


TYPICAL ELECTRICAL CHARACTERISTICS 


Resistance” Operatingt 
siduled jee ale | 
de alia Range Thermal 
Resistance* Switch** At Zero Time | 
at Temp. Resistance Temp. Power Constant Color Part Number | Voltage 
+25°C (°C) (°C) (°C) Band 2322- (DC) 


2500 
+25% 


600 
+30% 


502 
+30% 


100K 


Es Pe 
—* 
ca 


*Measuring voltage: 1.5 V to avoid self heating. **Temperature at which the resistance is twice the minimum resistance. 


++55°C maximum at maximum voltage (25 VDC). 
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SERIES 660 


Disc PTC Thermistors 


RESISTANCE vs TEMPERATURE 


VOLTAGE 
vs CURRENT 


RESISTANCE (OHMS) 


CURRENT (MA) 


SasaueueeeueeGeseussnesssns==>=07 om 


U 
_ f= 


: 660 91001 Curves below are measured = 

: 660 91006 at-< 1.5 VDC 

: 660 91007 Curves at far right are gl — 

: 660 91008 measured with 25V pulse AA L—— = — 

: 660 91009 — 


: 660 93001 = See me 724>=7 aa 


Sassi ttt 


oS aes 
Ls s—“‘:i‘CSCSCSCSCSY 


B: : 660 91006 Measured at 

C: 660 91007 Tamb = = +25°C and +55°C 
D: 660 91008 as indicated 

E: 660 91009 

F: 660 93001 


VOLTAGE (VOLTS DC) 


DIMENSIONS AND MARKING 


650 


Series 660 thermistors are 
marked with an identifying 

color band as indicated at left, 
and in the table on previous page. 


.020 
(0.5) max. TT | | 


Dimensions in Inches (mm) 
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SERIES 661 


Disc PTC Thermistors 


9% to 75%/°C T.C. of R 30 to 500 at 25°C +25° to 110°C Switch Temperature 50 Volts maximum 


DESCRIPTION 


Series 661 Thermistors offer a range of four well 
defined, switch temperatures between +25°C and 
+110°C, and are characterized by a relatively 
steep slope in the resistance/temperature char- 
acteristic beyond the switch point, over the normal 
operating region. This feature, plus the liberal 
—25°C to +125°C operating temperature range, 
and the ability to operate at up to 50 Volts DC at 
temperatures to +55°C, makes the Series par- 
ticularly well-suited to thermostatic uses, as well 
as stabilization and equipment-protection appli- 
cations of many kinds. 


DESIGN FEATURES 


& High Temperature Coefficients, for high sensi- 
tivity in the selected operating temperature 
range. 

= Wide Temperature Range: — 25° to +125°C at 
zero power; to +55°C at full rated voltage. 

= Wide Range of Switch Temperatures: +25°, 
+45°, +80°, or +110°C, for choice of effective 
region of operation. 


= Thermistors are lacquer coated. 


TYPICAL APPLICATIONS 


# Current Stabilization, by paralleling a conven- 
tional resistance in series with a power supply 
bus, to compensate for slowly varying supply 
voltage. 


= Thermostatic Control of temperatures in 
household appliances, industrial processes. 


= Temperature Protection against high or low 
temperature excursions in equipment or pro- 
cesses, by alarm and/or equipment shut-down. 


TYPICAL ELECTRICAL CHARACTERISTICS 


Resistance” 
At Other 
Resistance* Temperatures Temperature — Thermal 
At Switch** Coefficient Dissipation Time 
+25°C a eal Resistance ia of R Factor Constant Color Part Number 
(£150) (Q) (%/°C) (mW/°C) (s) Band 2322- 


661-91005 


*Measuring voltage <1.5 V to avoid self-heating. Operating temperature range: —10° to +125°C at zero power; 0° to 55°C at Vmax. 


**Temperature at which the resistance is twice the normal resistance. 
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SERIES 661 


Disc PTC Thermistors 


RESISTANCE vs TEMPERATURE 


cased 


A: 661 91002 
B: 661 91003 a SD an ee ST ee ee 
C: 661 91004 -— ee ee — -— 
D: 661 91005 — 


RESISTANCE (OHMS) 


VOLTAGE 7” 
vs CURRENT 


CURRENT (MA) 
S) 


ia ee Ee i 
peopromenterzerc | TT TE 


A: 661 91002 Measured at 

B: 661 91003 Tamb = +25°C and +55°C 
C: 661 91004 as indicated 

D: 661 91005 


VOLTAGE (VOLTS DC) 


DIMENSIONS AND MARKING 


-293(7.5) max. 


Series 661 thermistors are 
marked with an identifying 
color band, as indicated at left 
and in table on previous page. 


0 
~ (0.5) max. : 
| Dimensions in Inches (mm) 
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SERIES 662 


DESCRIPTION 


Series 662 Thermistors are special designs 
featuring low cold resistances, high operating 
voltage ratings, particularly for pulse applications, 
and high switch temperatures. Their large positive 
temperature coefficients and long time constants 
are of significant value in protective circuitry, 
and time delay functions. | 


TYPICAL APPLICATIONS 


= Spark Suppression. Type 662-91022 finds wide 
application in protection of switch and relay 
contact, particularly in telegraph relays. As 
diagrammed at right, when the contacts open, 
the low resistance of the cold thermistor pre- 
vents sparking by minimizing the voltage 
appearing across the contacts. 


@ TV Degaussing Circuits. Types 662-93036 and 
93066 may be connected in series with the 
degaussing coil, with both shunted by an NTC 
thermistor, as shown in the adjacent diagram. 
Initially the NTC has a high resistance, the PTC 
a low resistance; this provides a high initial 
degaussing current. 


Because of their large physical size, the 662 
Series can be used to achieve longer time 
delays, or as self-regulating heaters for com- 
ponents and ovens. As a heater, they can also 
activate bi-metallic controls. 


Disc PTC Thermistors 


23% to 35%/°C T.C. of R 36 to 1200 at 25°C 
75° to 115°C Switch Temperature 


LOAD 


DEGAUSSING 
COIL 


TO 
B+ POWER 


AC 
LINE SUPPLY 


TYPICAL ELECTRICAL CHARACTERISTICS 


Resistance* 
At Other 
Temperatures 


Resistance* Temperature 
Coefficient 


of Resistance 


Switch** 
Temperature 
(°C) 


Temperature Resistance 
(°C) (9) 


119° <120 
36 to 50 +1607f >20K +115°C +35% 13 
(180V pulse) 


<160 
= 
72° <2 x Ro5 
80 to 120 +85° >2 x Ro5 +75° 35% 
+150°T => 40K 
(380V pulse) 


es ' i aoe ee el ae 


Maximum 
Voltage 
(at 55°C) 


180 VDC 662-91001 
662-93036 
(339 Series 


662-93066 
Resistor) 
460 VRMS 662-93006 
(300 9 Series 
Resistor) 


Dissipation 
Factor 


265 VRMS 
(330 Series 
Resistor) 


265 VRMS 


*Measuring voltage: 1.5 V to avoid self heating. Operating temperature at zero power, 0° to +155°C; 60°C maximum at maximum voltage. 


tPulse measurement without self-heating. 
**Temperature at which the resistance is twice the minimum resistance. 
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SERIES 662 


Disc PTC Thermistors 


RESISTANCE vs TEMPERATURE 


q 
= 
~ 
a 
cc 
a A: 662-91001 Measured at 
2 C: 662-93066 as indicated 
D: 662-93006 
DIMENSIONS AND MARKING 


654 


RESISTANCE (OHMS) 


- 


ue max. max. 


2.0 in. 
(51) 
min. 


10? 


AO SA RAST! Sere! eee eres] Sean GUA AT aR (ET IANA RRND NE RY -_ fe 
—— ao 


A: 662-91001 Curves below are measured 
B: 662-93036 at: 1.5 VDC 
C: 662-93066 Curves at far right are 

measured with 340V pulse or 


D: 662-93006 650V pulse 


—- 


(0.8) 


0} PERERA PAE 


100 150 


TEMPERATURE (‘C) 


B: 662-93036 Tamph = +0°C, 25°C, 60°C, 85°C 


-594in 
(15) 
max. 


Dimensions in Inches (mm) 


VOLTAGE (VOLTS DC) 


DIMENSIONS (max.) 
Part Number 


662-91022 ate (10.8)| .190 (4.8) |.200 (5.0) 
6. 
662-93036 Blue, (12.6)|.26 (65)|.315 (8.0) 
green band 


Thermistor body is lacquer coated (Except 662-93066 & 662-93006) 
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SERIES 662-96 
PTC For Degaussing 


DESCRIPTION 


The Series 662 PTC for degaussing was designed 
to provide economical & reliable color monitor 
degaussing. | 

The colour purity of a television picture can be 
affected by residual magnetism in the tube’s inter- 
nal shielding, shadow mask, etc. This is caused 
by extraneous magnetic fields from domestic 
appliances, local high-powered electrical equip- 
ment or the earth’s magnetic field. The tube is 
“degaussed” each time it is switched on by 
applying a strong alternating magnetic field, using 
coils surrounding the tube, which gradually and 
symmetrically decays to zero. Hence, the current 
for the degaussing coils must be large initially 
but decay to a small steady-state value. This cur- 
rent is produced by a PTC thermistor circuit which 
may use two thermistors in intimate thermal 
contact, one thermistor being used to heat the 
other and further reduce the residual current. 
The circuit can be made smaller by replacing the 
PTC/parallel resistor combination with a dual- 
PTC of the type shown in Fig. 1 (b). Besides reducing 
the number of components, this also improves 
reliability. Dual PTC’s result in lower residual cur- 
rent than mono PTC units. 


(a) Conventional circuit 


t (20ms/dw.) 
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Part Number 


2322-662-96009 
2322-662-96011 
2322-662-96012 
2322-662-96013 
2322-662-96016 
2322-662-96022 
2322-662-96024 
2322-662-961 11 
2322-662-961 16 
2322-662-96118 
2322-662-96121 
2322-662-96123 
2322-662-96124 
2322-662-96125 
2322-663-96101 


SERIES 662-96 
Dual PTC For Degaussing 


Resistance | Peak Inrush | Maximum 
Current 
(Amps) 


All dimensions in inches (mm) 


Residual 
Current 
Resistance | at 180 Sec 


Dimension 


Inches (mm) 


Figure 2 


124 (18.4) 
124 (18.4) 
124 (18.4) 
124 (18.4) 
124 (18.4) 
124 (18.4) 
124 (18.4) 
.807 (20.5) 
807 (20.5) 
.807 (20.5) 
.807 (20.5) 
.807 (20.5) 
.807 (20.5) 
.807 (20.5) 
807 (20.5) 
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SERIES 66. 


PTC Thermistors for Current Overload Protection 


DESCRIPTION 


Fast, reliable overload-protection is the hallmark 
of these thermistors. Selecting the right thermistor 
is simplicity itself. No more complex tables of 
data, curves and tedious calculations of resist- 
ances and voltages—these thermistors are 
selected on the basis of current alone, like fuses. 
Furthermore, they don’t have to be renewed when 
normal load conditions resume, but can be easily 
reset like a circuit breaker. They provide the same 
high level of protection every time it’s needed 
even down to a 40% current-overload (at 25°C). 


Selection is simple because we specify guaran- 
teed current switching levels. These range from 
a few mA to more than 1 Ain a continuous range. 
All levels are well defined and stable over ther- 
mistor life, and ensure you choose the right 
thermistor every time. Once you’ve decided on 
the voltage rating (265 V or 56 V), you select 
on the basis of maximum overload current, 
nothing more. And that’s all you need to know 


to start designing with this new range. 
Table 1 
Vmax at +55°C = 265V; Ts = + 120°C 


2322 660 11293 
2322 660 11593 
2322 660 11893 
2322 660 12293 
2322 660 12793 
2322 661 13393 
2322 661 13993 
2322 661 14793 
2322 661 15693 
2322 661 16893 
2322 661 18293 
2322 661 11013 
2322 662 11213 
2322 662 11513 
2322 662 11813 
2322 663 12213 
2322 663 12713 
2322 664 13313 
2322 664 13913 
2322 664 14713 


Ine”) I 
at25°C | at 10°C 


2322 660 15691 
2322 660 16891 
2322 660 18291 
2322 661 11011 
2322 661 11211 
2322 661 11511 
2322 662 11811 
2322 662 12211 
2322 662 12711 
2322 663 13311 
2322 663 13911 
2322 663 14711 
2322 664 15611 
2322 664 16811 


ODDNANNADO 
on 


1) Replace the eighth digit (1) by a zero for the part number of a leadless thermistor. 


2) |, and |,, are limits for the thermistors mounted according to IEC TC40. The values at 25°C are given as a practical indication of performance. 
3) The high current rating of the low-voltage range means that these thermistors protect against short-circuit currents from any voltage source up to 18V. 
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Dimensions, see figure 1 


inches (mm) 


dia d 


177 (4.5) 


.187 (20) 


.197 (5) 
.197 (5) 


.197 (5) 
.197 (5) 
.197 (5) 


.197 (5) 


.197 (5) 


.197 (5) 


.197 (5) 


.197 (5) 


.197 (5) 
.197 (5) 
.197 (5) 


.197 (5) 


.197 (5) 
.197 (5) 
.197 (5) 
.236 (6) 
.236 (6) 
.236 (6) 


tmax 


150 (3.8) 
150 (3.8) 
150 (3.8) 
150 (3.8) 
150(3.8) 
150 (3.8) 
150(3.8) 
150 (3.8) 
150(3.8) 
150 (3.8) 
150(3.8) 
150(3.8) 
150 (3.8) 
150 (3.8) 
150 (3.8) 
150(3.8) 
150(3.8) 
189 (4.8) 
189 (4.8) 
189 (4.8) 


Dimensions, see figure 1 


inches (mm) 


dia d 


.177 (4.5) 
177 (4.5) 
177 (4.5) 
.256 (6.5) 
.256 (6.5) 
.315 (8) 

.394 (10) 
.472 (12) 
472 (12) 
912 (13) 
.630 (16) 
.630 (16) 
.787 (20) 
.787 (20) 


.157 (4) 
.157 (4) 
.157 (4) 
157 (4) 
.157 (4) 
157 (4) 
.177 (4.5) 
177 (4.5) 
.177 (4.5) 
.197 (5) 
.197 (5) 
.197 (5) 
.236 (6) 
.236 (6) 


tmax 


.110 (2.8) 
110 (2.8) 


110 (2.8) 


.110(2.8) 


110 (2.8) 
.110 (2.8) 
.130 (3.3) 
.130 (3.3) 
.130 (3.3) 
.150 (3.8) 
.150 (3.8) 
.150 (3.8) 
.189 (4.8) 
.189 (4.8) 
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SERIES 66. 


Figure 1 


217 
(5.5) max. 


| 


| 
(+0.8) 039 | 
+ 8-02) (1.0) min |* 


| 
| -|. (08 


Dimensions In Inches (mm) 


Leaded thermistor. Types with a diameter less than 12 mm are available 
on radial mounting tape. 

To order taped thermistors, replace the eighth digit of the part number 
(1) by a3. 


Leadiess thermistor. The faces of each disc are metallized. 

Terminology | 

Vmax the maximum a.c. or d.c. voltage that may 
be applied to the thermistor under specified 
conditions 

F load current 

|4y overload current 


the maximum permissible thermistor 

current at T.., = O°C. 

Int not trip current: the guaranteed maximum 
rm.s. Current at which the operating point 
of the thermistor will be in the low-resistance 
region, specified at a high ambient 
temperature (+55°C). 


| trip Current: guaranteed minimum r.m.s. 
current causing the operating point of the 
thermistor move from the low-resistance 
region to the high-resistance region, 
specified at a low ambient temperature 
(+10°C), 

les residual currentat V,,,, and at T,,,., = +10°C. 

typical thermistor resistance at 25°C. 

switching temperature: the higher of the 
two temperatures at which the thermistor 
resistance is twice the minimum resistance. 

D dissipation factors: the amount of heat 
dissipated for each degree Celsius of 
difference between the temperature of 
the thermistor body and the surrounding 
atmosphere, measured in still air. 
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618 
| (15.7) min See Table 2 for dimensions b, d and t. 


H thermal capacity of the thermistor. 
- thermal time constant of the thermistor, 
equal to H/D. 


Soldering 

Leaded thermistors 

Leaded thermistors may be hand or machine 
soldered using a 50% Sn/Pb solder. Maximum 
solder temperature is 240°C for up to 4 s. 


Leadless thermistors 

The faces of leadless thermistors. are metallized 
for solderability. Before soldering, it is recom- 
mended that the thermistors are heated to 100°C. — 
While soldering, apply heat evenly to the whole 
of the disc face. Use a 50% Sn/Pb solder and 
a flux containing colofonium and ethyl alcohol. 
Maximum solder temperature is 270°C for up to 
4s. 


Note: These thermistors are for applications where current overloads 
are due to fault conditions or equipment misuse. They are not suit- 
able for applications requiring repetitive switching of the thermistor. 
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RESISTANCE/TEMPERATURE CHARACTERISTIC 


10! eee 


R 
(Q) 
105 
104 
FEEL 
unl! HiT ATTA 
2Rmin 
25 oe eoroz. ee — 
min [7 
102 
-50 0 2550 100 T, 150 250 
switching a an C) 
temperature 


+6 


Supply voltage 


(above) Typical resistance-temperature characteristic of a PTC therm- 


istor. The strong positive temperature coefficient of resistance can be a 
used for either current-sensitive switching or temperature-sensitive =) 
switching. ~} 
a 
The thermistors in this brochure are current sensors—overload currents 
heat them, increasing their resistance. Always connect them in series ; 
with the load to be protected (right). Contrast these thermistors with eS 
indirectly-heated thermistors, the latter don’t carry load currents, but 9 
sense them by their heating effect. ey 
o 
me 
S 
7) 
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SERIES 66. 


DESIGNING WITH PTC OVERLOAD 
THERMISTORS 


Thermistor requirements 
The thermistor should: 


@ have no effect on circuit operation for currents 
up to the normal maximum load current, at all 
temperatures up to the maximum ambient 
temperature Tamb max: 

@ have high resistance at currents higher than 
the defined minimum overload current, at temp- 
eratures down to the minimum that will be 
experienced. 


How to select the right thermistor 
1. Define the maximum load current of the equip- 
ment at maximum ambient temperature 


(UF max at Tamb max): 

2. Define the minimum overload current at min- 
imum ambient temperature (loy min at Tamb min)- 

3. Determine the minimum required |, at 55°C 
using the correction factor C,;, read from the 
graph, for |,; at Tamb max: 
minimum required |, at 55°C = |; max/Cnt- 

4. Choose the first thermistor, in the correct volt- 
age range, having |,; (at 55°C) higher than that 
calculated. 

o. Determine |, at minimum ambient temperature 
for the chosen thermistor using the correction 
factor C, for |: 

l, at ame min — F at 10°C x C.. 
|, at Tamb min Should always be lower than loy min 
al lamb min- 

6. Test the thermistor in circuit. Mounting therm- 
istors near hot components or in warm air 
streams can effect switching performance. For 
reproducible results, always mount the therm- 
istor up to the kinks in their leads. 


Design example 
Protecting a triac-controlled motor from damage 
should the triac conduct on alternate half cycles 
only. 
Motor: 220/240 V a.c., 40 VA. 
1.Maximum load current |; ma, at maximum 
ambient temperature (35°C) 
360 mA (true r.m.s.) 
2. Minimum overload current oy min at Minimum 
ambient temperature (15°C) 
800 mA (true rm.s.) 
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Correction factors for I, and I,, for different ambient temperatures. 


3. Correction factor for I, at 35°C 
So, the minimum required I,; at 55°C is 360/1,2 
= 300 mA 

4. Select the first thermistor in the range having 
O,, at 55°C higher than that calculated—the 
330 mA type (2322 664 13313). 


9. Check that the maximum load current at maxi- 
mum ambient temperature won't switch the 
thermistor, and that the minimum overload 
Current at minimum ambient temperature will 
switch it: 
pt at 35°C = lat at 55°C x Cri 
= 330 < 1,2 = 396 mA. So the maxi- 
mum load current (360 mA) won't 
switch the thermistor. 

l, at 15°C = F at 10°C x C; 
= 660 x 0,97=640 mA. So the min- 
imum overload current (800 mA) 
will switch the thermistor. 
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SWITCHING TIME 


When an overload current flows through a PTC 
thermistor, a short time elapses before the therm- 
istor heats up to its high-resistance state and 
starts limiting the current. The switching time t, 
is defined as the time for the thermistor body 
temperature to reach the switching temperature 
T, after an overload has occurred. 

t, depends on: 

@ the overload current 

@ the normal load current 


@ the thermal capacity of the thermistor and the 
heat lost by the thermistor to the surroundings 

Normalized switching times for various load and 
overload currents are shown in the graph on 
the right. The absolute value of t, for a particular 
thermistor can be evaluated using the value of t 
given in the Range Tables. Switching time 
increases with increasing thermistor size (larger 
thermal capacity H) and decreases with increas- 
ing overload current. ; 

When there is no preheating of a thermistor due 
to a normal load current (for example, when an 
overload occurs as an equipment is switched 
on), Li/l = 0. 


How to calculate switching time 

For the 2322 664 13313 thermistor chosen in 
the design example: 

t= 150 s, | 

and |i typ at 25°C = 522 mA. 

Typical load current of the motor was 300 mA 
and typical overload current 850 mA. 
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lou le 


Normalized switching times of thermistors for various load and overload 
currents. All currents are typical. Overload is approximated by a step 
function change of load current as often occurs in practice. 
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SERIES 66. 


GUARANTEED 
CURRENT SWITCHING LEVELS 


k at +10°C 


load line 
representing minimum 
: current 


Ine at +55°C 


load line 
representing normal 
maximum load current 


Guaranteed |, and |,; levels ensure: 


@ that the operating point stays within the low- 
resistance region of the voltage-current char- 
acteristic for all currents up to maximum load 
Current (point A). 

@ that the operating point moves to the high- 
resistance region of the characteristic (point B) 
for all currents higher than the minimum over- 
load current. 5 

All thermistors in this brochure have |, (at 10°C) 

Int (at 55°C) 
<2, guaranteed; protection no ordinary therm- 
istors can match. 
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Typical resistance/temperature characteristics. 
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Typical voltage/current characteristics. 


2322 660 11293 
100 EEE ET eel a ee Oe ee ae ee 
a ee eee ee 
a ee ee ee ee eee ee ee 
ae, aa Sea lt Caran Ce Sse GH EEN Ue ld 
$$} 


2322 660 11593 
Geearee 


ms NT - 
ta 0 an See Gomes es Gl a rN! cco! ae Ge Ge Ot ee 
ee ee ee ee ee a eS — aaa ae ae eee 
eae SN GD Res Ht 
Eee 4 See j 
Prat eee a ere “4G ceo SS aaa ait 
Amaaicsosn St y (ESS 
100 Urns (V) 1000 100 Vie (V) 1000 
Fig. 23. 
2322 660 12293 
a citi omit aaa il 
t 
=e bins ra 
aaa ee a Baan 
nit 100 —-— Sees —— oe os aster ee =e Eee oe ee et 
sill pe FE oe 
Fs Vaart NC ei eee es cetttt 
= ~~ [rome ee Hea 
Ea ed saat Sui 
Nl Sa 
0 ad A 1 ale nol = a aaa 
ttt 
So ee ae oth 
ni aaa Beal 
1 10 100 Vimg (V) 1000 rr 100 (vy 1000 
Fig. 24. Fig. 25 
2322 660 12793 2322 661 13393 
100 —— VO 
pees ee ae 
ere 
aan 
nu - SNC Ht Hee 
" mn Y NN ‘iis 
a N 
Yi ANAT cn co 
. i LL MAT | Ne 
: eras ae a 2 2a co! See Stee ea 6 a 
fr fi {| | | {fh -}—+ +++ SS 
Bu 
an sau eae tt Ane attics Fert 
| imum | CEH Et tt 
100 Vans (Vv) 1000 100 View (V) me 
Fig. 26. Fig. 27. 


668 Philips Components « Airport Road, P.O. Box 760 ° Mineral Wells, TX 76067 ° (817) 325-7871 * FAX: (817) 325-1052 


SERIES 66. 


Current Overload Protection 


Typical voltage/current characteristics. 


2322 661 13993 2322 661 14793 
100 00 ———— eee 

+ —$_+-—} + + 4 

~ | MARE 
eT Be atte 

ds iN 
le itt imcen oo a HON 
Sed MAE TE: TN tii EI Ay a Gi Niko 7 Hit 
PAI Sawaal ZAI | LNT Sail 
(pia See ee ee rT | TT TI\N Sais gd TT 
Pee | mane | ae eae Beer foe EET 
ane EEE HT Se TT 
ath 


ee 
100 Views (V) 1000 100 Wis (V) 1000 


2322 661 16893 


HAH NSS 
HA 


YT. 
IZ i 


LA, 


Hy: Qatlie 


2322 661 18293 2322 661 a 
oto ot oot 4 TH a 


= on 
Py, so o tt eas — a on 
an ae 


lems 
(mA) 


id Sa: 


a) ny ee meEnne 
Se Gee, ... Gasen a a 
quae ros tS — oe om i oe os oe 


mi Om is 7 iit 
Santiliiy7manne i 


f ims call 
cH mt LT We oe 


-_- nn fa a Et a re = Se en nes 
ZA pnd 


BRED: yy / 
BL ae 


NJ 
vee 
aoe 7 ASSO BS 


‘i males a es =e perrennianat aan 6 oe ttt wes 5 
eee tS Ve SY SO 
2 * fii oS a mane 1 ROR a ttt t BB OC p44 4H 
AA cities ttt 


Co tt 
(000 jimi 
0,1 100 yy) 1000 
Fig. 32. Fig. 33. 


5 
: 
a 
I 
" 
= 
- 
= 
a 


Philips Components « Airport Road, P.O. Box 760 « Mineral Wells, TX 76067 « (817) 325-7871 * FAX: (817) 325-1052 669 


> 
: 
. 
: 
| 


d 


SISd 


$410} 


SERIES 66. 


Current Overload Protection 


Typical voltage/current characteristics. 
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Typical voltage/current characteristics. 
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Typical voltage/current characteristics. 
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SERIES 680-04 
PTC Heaters Assemblies UL File E 60558 


DESCRIPTION 


The Series 680-04 PTC Heater Assemblies are 
encapsulated and are provided with two single- 
core insulated silver plated copper wires. 


ELECTRICAL SPECIFICATIONS 
Minimum Dielectric 
Withstanding Voltage 4000 VRMS 

Operating Temperature At zero power 
—25°C to +85°C 
at maximum voltage 
0° to +55°C 

Maximum In Rush 1000 Watts 


MECHANICAL DATA—Inches (mm) Outlines 


a) 1270) 


Robustness of Terminations 
Tensile Strength 2.25 Ib (10N) 


Bending 1.12 Ib (5N) 
Solderability 
240°C, Max 6 Seconds 
Impact 


Free fall 39.4” (1000 mm) 
Non-flammable 


Mass 
Approx 15 grams 


Marking 
Red Body. Leads are color coded per table 


Lead Wire PTFE 
Thermax 24-XTO-124 UL Style 1180 


Mounting 
In any position by soldering or damping suitable for mount- 
ing in a tube .502 + .002 (12.76 + .05) Diameter 


S40}SISAY 129UI7-UON ry | 
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SERIES 680-04 


2322— 
Part Number 


680-04003 
680-04004 


680-04005 
680-04033 
680-04034 


680-0400 
680-04002 


680-04022 


(°C) Minimum (°C) 


Operating power 


Temperature after Temperature at (watts) after 
Voltage (VRMS) 20 minutes at 5 minutes at 20 minutes at Lead 

50/60 Hz Voltage (VRMS) Voltage (VRMS) Voltage (VRMS) Colors 
100 to 265 160412 @220V 130 @ 220V 130 @ 220V Red/Red 

100 to 145 160+12s @ 120V . 130 @ 120V 13 @120V Red/Black 
100 to 145 210 @ 120V 165 @ 120V 17 @120V Orange/White 
100 to 265 210 @ 220V 165 @ 220V 17 @220V Orange/White 
100 to 265 210 @ 220V 165 @ 220V 17 @220V Orange/White 


100T .265 215412 @ 220V 170 @ 220V 18 @220V Red/Red 
100T .145 215412 @ 120V 170 @ 120V 18 @120V Red/Black 


100T .265 220+ @ 220V 180 @ 220V 19 @ 220V Red/Red 


Dimensions | 
A 
inches (mm) 


8.268+.197 (210+5) 
8.268+.197 (210+5) 


6.535+4.157 (166+4) 
6.535+.157 (166+4) 
4.370+.157 (11144) 


8.268+.197 (210+5) 
8.268+.197 (210+5) 


4.9214.197 (12545) 
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SERIES 672 


Disc PTC Thermistors forGeneral Applications 


18% to 38%/°C Temperature Coefficient 30 to 2500 at 25°C 


70° to 150°C Switch Temperature 25 Volts maximum 


DESCRIPTION 


Series 672 General-Purpose Thermistors are 
rugged, lightweight, miniaturized units, available 
with or without leads, for accommodation of the 
widest possible range of industrial, commercial, 
and consumer applications. 


DESIGN FEATURES 

@ Choice of Nine Switch Temperatures in 10°C 
increments from 70° to 150°C. 

= High Temperature Coefficients for high detec- 
tion sensitivity. 18% to 38%/°C, for standard 
types. 

= Wide Operating Temperature Range, from 
—25°C to as high as +190°C. 

= Very Small Size. Less than 9/64" in diameter. 
Leadless types are even smaller. 


TYPICAL APPLICATIONS 


= Overvoltage and Short Circuit Protection. Con- 
nected in series with a load circuit, the therm- 
istor limits the load current to a safe value. 


= Current Stabilization for Constant Load. 
Paralleled with a resistor, in series with the load, 


the thermistor compensates for slow voltage | 


fluctuations. 

= Thermostatic Control. Permits establishing 
and maintaining temperatures in tanks, com- 
partments, process vessels, home appliances, 
and feedback controls. 


= Fire Alarm Warning and Shutdown. Protects 


Philips Components « Airport Road, P.O. Box 760 « Mineral Wells, TX 76067 °¢ (817) 325-7871 ° FAX: (817) 325-1052 


against over-temperature by actuation of warn- 
ing device and/or shut-down of power. 


ELECTRICAL SPECIFICATIONS 


Resistance at 25°C ............. 30 to 2500 
Resistance atTs +5°C ............. <5500, 
Resistance atTs, +15°C ........... >13300 
Resistance atTs +25°C ........... >40000 
Switch Temperature (Ts)T ...... 70° to 150°C 
Maximum Voltage (Vmax) .........-.- 25V DC 


Dissipation Factor.............. 5.7 mW/°C 
Thermal Time Constant.......... 9 seconds 
Operating Temperature Range 
at zero power ........ —25°C to Ts +40°C 
at Vmax.......--.-0-0505- Ts +25°C max. 


Measuring voltage: <1.5 V to avoid self-heating. 


TYPICAL 
ELECTRICAL CHARACTERISTICS 


Nom Switcht i 
* Temp. Temp. Part Number (2322-) 
Coeff. | Color’ 
(°C) (%/°C) Code | With Leads Leadless 


672-91002 
672-91003 
672-91004 
672-91005 
672-91006 
672-91007 
672-91008 
672-91009 
672-91011 


672-91026 
672-91027 
672-91028 
672-91029 
672-91031 
672-91032 
672-91033 
672-91034 
672-91035 


*Leadless version is not color coded. 
+Upper temperatures at which the resistance is twice the minimum 
resistance. 
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SERIES 672 


Disc PTC Thermistors for General Application 


RESISTANCE vs TEMPERATURE 


A: 672 91002 
B: 672 91003 
C: 672 91004 
D: 672 91005 
E: 672 91006 
F: 672 91007 
G: 672 91008 
H: 672 91009 
I: 672 91011 


aae Ser sean 


= tt 
It Ae oo as a 


esanre o.a7a027araaee 


RESISTANCE (OHMS) 
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DIMENSIONS AND MARKING 


.123 + .008 in. .031 +.003 in. 
3.3 +0.2 mm 0.8 +0.15 mm 


0.14 in. 
| 3.5 mm 
max. 


2.047 +.008 in. 
52 +2 mm 


VOLTAGE (VOLTS DC) 


Types 672-9 1002 to 91011 are 


provided with 
copper leads. 


tinned = solid- 
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SERIES 680-93 


PTC Heater Ceramics 


DESCRIPTION 
The Series 680-93 PTC Heater Ceramics consist of a 
parallelepiped with two non-solderable electrical contacts. 


APPLICATION 

Ceramic heating elements for low power domestic and 
industrial applications and in thermally delayed switches 
which require the temperature to be stabilized 


MECHANICAL DATA—Inches (mm) 
Outlines 


+ +01 
1.299039 ue pie 


+ 


59 
(17) (min) 
283 a | 
£008 F f 
Fig. 1. Fig. 2. 


ELECTRICAL DATA 


Unless otherwise specified, measured according to IEC 
publication 738-1 of 1982. 


Part 


maximum 


number voltage 
2322 680 +35% max. min. 
followed by 9) 9) 9) 

93021 


33-41 7 7 
(83+1) (0,06 ‘ae 

—__— (29,5) min ———————> a Sa ale 
1.161. \ | { | 


dimensions 


UL File E60558 


Flatness 

002 in. (50 um) max. 
Mounting 

In any position by clamping. 
Impact 

Free fall 7.87 in. (200 mm) 


Non-flammable. 


see Fig. 


PO PMMYOMONNMNMN HA HA Ae tt 


mass 


approx. 


* T, = switch temperature 
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SERIES 691 


Relative Humidity Sensor 


DESCRIPTION 


This capacitive humidity sensor consists of a 
plastic film, both sides of which are coated with 
gold, thus forming a capacitor element. The dielec- 
tric constant of the film changes as a function of 
relative humidity in the atmosphere. As a con- 
sequence, the capacitance value of the sensor 
is a function of relative humidity. 

The plastic film is clamped between spring con- 
tacts and packaged in a plastic housing. 

The sensor’s characteristics are not affected by 
contact with water but acetone vapor exposure 
should be avoided. 


FEATURES 


= Wide relative humidity range, 10 to 90% 

= Cost effective accuracy 

@ Operating temperature range, 0 to 85°C 

= Undamaged by condensation 

@ Operating frequency range, 1KHz to 1MHz 


SPECIFICATIONS 
ELECTRICAL 
Operating Humidity Range...................... 10 to 90% R.H. 
Operating Temperature Range................... 0 to 85°C 
Capacitance at 25°C, 43% R.H., 10OKHz........... 122pF +15% TYPICAL CAPACITANCE & 
Dissipation Factor at 25°C 100KHz............... 3.5% max. R.H. CURVE 
Frequency Range........................0-24. 1 KHz to 1MHz ‘35 ee 
Temperature Dependence...................... 0.1% R.H./°C ce eee 
Response Time (to 90% of indicated R.H. (pF) Het te pt 
at 25°C, in circulating air) Pee a a 

Between 10 and 43%R.H..................... 3 minutes max. 

Between 43 and90%R.H..................... 5 minutes max. 130 LLELELCE EL ae 
Typical Hysteresis (excursion of 10 to ARR HH HH 4 
OO TO90 PLAY elite ano or no dog ob he Bae ale gis 5 3% tt 
Maximum Voltage.................0.0 2.0.0.0... 15V 120 pm pg 
Storage HumidityRange ....................... 0 to 100% R.H. Hee et + H+ HH + HH 
Storage Temperature Range .................... —25 to 85°C 0 Ee + HH] 

0) 50 R.H. (%) 100 
MECHANICAL 
Assembly ....: 0.0. neh. eke CBee ern el: Sensor can be soldered onto PC. 
board or mounted with screws. 
Solderability ..... 0.06. es ce en a we Pee ee, 240°C for 4 seconds max. 
Lead Strength ................0.0.0.0.0.00... 2 Ib. pull test with no damage. 
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_ Capacitive humidity sensor 


The need has long been felt for an electronic 
humidity sensor that is both reliable and inex- 
pensive. Surprisingly, these requirements are 
not easily met, and until recently the only devices 
that could be considered reliable were far too 
costly for widespread use. Electronic humidity 
sensors have many advantages. 

m@ they can be incorporated directly into an elec- 
trical measuring circuit, so avoiding many of the 
problems often associated with their mechan- 
ical counterparts 


@ they are highly versatile and can be used to © 


drive a variety of humidity display and humidity 
control appliances 
m@ they are generally easier to operate and to main- 
tain than mechanical sensors 
m@ they are easier to calibrate 
Our new capacitive humidity sensor (type number 
2322 691 90001; Ref. 1) possesses all these 
advantages and combines them with very low 
price. 
The sensor, shown in Fig. 1, consists of a perfo- 
rated plastic case containing a stretched mem- 
brane of non-conducting foil, coated on both 
sides with gold. The membrane and coating form 
respectively the dielectric and electrodes of a 
parallel plate capacitor whose capacitance C, 
depends upon the ambient relative humidity H,e, 
as shown in Fig. 2. The sensor is connected to a 
circuit that generates a d.c. voltage which is used 
to activate a meter, LED or liquid crystal display 
for directly indicating H,., or which acts as a 
monitoring signal for a humidity controller. 


«= 15.5205 —= 
ma 


Fig. 1 Capacitive humidity sensor; dimensions in mm. 
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Designed for an operating range between 10% 
and 90% relative humidity, the sensor has a nom- 
inal accuracy (in circuit) of about 5% in the middle 
of its range under worst case conditions. Under 
normal conditions i.e. at room temperature and 
with nominal supply voltage, the errors will obvi- 
ously be less than this. 


0 20 40 60 80 100 
Hye) (%) 


Fig. 2 Relationship between relative humidity H,,, and sensor capacitance 
Most air pollutants have little effect on the per- 
formance of the sensor. However, vapours of 
some solvents, such as acetone, will attack the 
foil, and should be avoided when handling the 
sensor or incorporating it in an assembly. 

The table gives just some of the many applica- 
tions for which the sensor is suited. Although it 
is not a precision measuring instrument, it is a 
highly versatile, reliable and inexpensive device 
that is certainly accurate enough for its intended 
applications. _ 

We now describe a circuit for generating an out- 
put signal proportional to He. 

Some applications for which the capacitive 
humidity sensor is suited. 


indication control 


air conditioners 
humidifiers in factories and in the home 


home hygrometers 


weather stations with 
LED or LCD displays 
climate controllers in greenhouses 


tumble dryers (i.e. detecting when a load is dry) 
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Capacitive humidity sensor 
A AAAS GTR SS ON ae ee ee 


MEASURING CIRCUIT 

The circuit operates by measurement of pulse- 
width differences, the principle of which is shown 
in Fig. 3. It has two synchronized multivibrators 
M, and Mp, connected respectively to a trimmer 
capacitor C; and to the humidity sensor of capac- 
itance C,. Capacitance C, comprises a constant 
contribution C, and a contribution AC depen- 
dent upon He, i.e. C; = C, + AC. 

Multivibrators M, and Mp produce pulses of dura- 
tion t; and t, proportional to C; and C, respec- 


tively (Fig. 4). The pulse width difference ts is 
equal to to— ty. 


MULTI - 
VIBRATOR 


M1 


MULTI - 
VIBRATOR 


778305) 


Cy C,+AC 


Fig. 3 Operating principle of the measuring circuit. The circuit generates 
pulses with durations proportional to trimmer capacitance C, and to 
sensor capacitance C,=C, + AC. If C,; is set equal to C,, then the pulse 
width difference is proportional to AC, i.e. to the humidity-dependent 
Capacitance. 


Vv (M1) | 


> ty — 
Vv (M2) 


7283044 


Fig. 4 Formation of pulses in the circuit of Fig. 3. 


If M; and Mz have equal proportionality contants 

and C; is equal to C,, t3 will be proportional to 

AC. If the pulse frequency is set at 1/T, where 

T = 2t, (Fig. 4) and all pulses have equal ampli- 

tude Vz, then the mean output voltage will be: 
Vo = (t3/T)Vg = (AC/2C,) Vz. 

The term ts/T is called the relative pulse width. 


Its temperature and voltage dependence are very 
small provided: 
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m™ the characteristics of both multivibrators are 
identical (constructed for example from a single 
LOCMOS circuit HEF4001B); 

mC, and C; have equal temperature coefficients. 

Output voltage V, is directly related to the supply 

voltage which should therefore be stabilized for 

best results. 


Practical circuit 

Figure 5 shows a design based upon two inte- 
grated LOCMOS circuits HEF4001B. Depending 
upon its application the circuit may be either 
battery or mains powered. 

Multivibrators M, and Ms are each formed by a. 
pair of NOR gates in the first LOCMOS circuit. 10 
kHz pulses produced by M, and Mo are fed to 
the second LOCMOS circuit which produces a 
pulsed output voltage with an average value V, 
proportional to the pulse width difference. The 
four NOR gates of this circuit are connected in 
parallel to provide low output impedance. An RC 
network in the supply line suppresses parasitic 
oscillations in the circuit. 


Linearizing network 

Because the relation between C, and H,., is non- 
linear, the pulsed output signal V, is fed to a 
linearizing network; for explanation this is shown 
separately in Fig. 6. Voltage pulses charge capac- 
itor C via diode D and resistor R;. At the same 
time a discharge current proportional to the volt- 
age across the capacitor flows through resistor 
Rs, and an additional current flows from the supply 
line via resistor R3. The output voltage V;, is thus 
a non-linear function of V,, and with suitable 
choice of C, R; and Ro, this function can be so 
profiled that the relationship between H,,, and Vi, 
is made substantially linear. 

In the circuit of Fig. 5, the output voltage can vary 
between 80 mV and 1 V. This voltage can be used 
either to indicate or to control relative humidity. 
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10 nF Vst = 6.5V 0,22 
\ uF 


C1 =3 to 40 pF 2222 808 11409 
C3=C2=47 pF P100 2222 632 04479 
C4 = 22 pF P100 2222 632 04229 (optional) 


H = HUMIDITY SENSOR 2322 691 90001 
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Fig. 5 Measuring circuit with linearized output. The circuit is suitable for 
connection to an external power supply. In this circuit R, is chosen 


fl i] VsT 
D 
R3 
V, R1 
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Fig. 6 Linearizing network used in Fig. 5. 


Component layout of the measuring circuit shown in Fig. 5. (including 
a stabilized power supply) 
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APPLICATIONS 


Humidity indication 

Indicator with LED pointer display 

A pointer display is one in which one elementin a 
row lights up to indicate the instantaneous value 
of some quantity. The mains powered device 
described here uses a 16-element LED pointer 
display to indicate H,.; between 20% and 90%, 
the scale being divided into intervals of 5%. 


Figure 7 shows the circuit. It uses a display IC 
UAA170 to drive the LEDs, the linearized output 
voltage V, of the measuring circuit being fed to 
the display IC via an operational amplifier which 
acts as a voltage follower with a gain of 2. This 
prevents the measuring circuit from being loaded 
with the input impedance of the display IC, and 
also amplifies V, to the required input voltage. 
Resistors R;, Ro and Rs are chosen such that: 
@ the change-over between one LED and another 
is smooth (1,2 V between adjacent pins); 
@LED 1 lights at a relative humidity of 20% 
(200 mV at pin 3 of IC NE532); 
@LED 16 lights at a relative humidity of 95% 
(950 mV at pin 3 of IC NE532). 


Fig. 7 Relative humidity indicator with an LED pointer display. 


688 


Note: the spread in the internal reference voltage 
(i.e. voltage at pin 14) may make it necessary to 
replace R;3 by a 47 kQO potentiometer. 

This device indicates the relative humidity with 
an LED pointer display. Each LED covers a 5% 
interval of H,e). 
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Bargraph with liquid crystal display 

This device uses the output voltage V, of the 
measuring circuit to drive a relative humidity bar- 
graph with a liquid crystal pointer display. The 
device performs two functions: it indicates instan- 
taneous relative humidity between 15% and 90% 
(either in pointer or in bargraph mode), and it 
indicates the peak value. 

Figure 8 shows the circuit. A voltage follower with 
gain (NE532) amplifies the output from the mea- 
suring circuit to the required input voltage of a 
bargraph driver (HEF4754 V) that drives an 18- 
element liquid crystal display. As in the previous 
example, the scale is divided into 5% intervals. 
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C1 =3 to 40 pF catalogue 
C3=C2=47 pF P100 number 
C4 = 22 pF P100 as Fig. 5. 
H = HUMIDITY SENSOR 

68 kQ NTC thermistor 


2322 642 12683 
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The maximum and minimum readings of the dis- 
play must be preset by applying fixed voltages of 
3,55 V and 0,53 V to pins 27 and 26 respectively. 


The circuit consumes about 3 mA which is rather 
high for battery operation. Nevertheless it can 
operate satisfactorily on 5 rechargeable NiCd 
batteries. | 
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Fig. 8 Relative humidity bargraph with a liquid crystal display. The system 
shows ambient relative humidity as well as the peak value. Switching 
positions as follows: 


—pins 2, 3 and 4 open: peak indication, reset by connecting pin 2 to 
common for a few seconds. 


—pin 4 open, pin 3 common: no peak indication. 
—pins 3 and 4 common: pointer mode. 
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Fig. 9 Relative humidity indicator with an LED numerical display. 


Indicator with an LED numerical display 
Somewhat more complicated than the previous 
device, this indicator employs a digital display 
to indicate H,.; between 10% and 90%. 

The circuit, shown in Fig. 9, uses a dual BCD 
counter HEF4518B that receives clock pulses 
from a 10 kHz source, for example multivibrator 
M,. Positive-going pulses from a third multivibrator 
(also produced from a LOCMOS HEF4001B cir- 
cuit), are fed simultaneously to the reset pins of 
the counters and to pin 4 of a voltage comparator 
LM339. Figure 10a shows the pulse train. 

With a positive-going pulse on pin 4 of the LM339 
the voltage at pins 2 and 10 falls, capacitor C dis- 
charges over the duration of the pulse (i.e. 15 ms) 
and then recharges to produce the voltage wave- 
form shown in Fig. 10b. Also, the end of each 
pulse lifts the counter reset, allowing counting of 
the clock pulses to begin. 
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The voltage on pin 11 of the LM339 (V) is pro- 
portional to H,.. AS capacitor C recharges, the 
voltage on pin 10 increases until it equals and 
eventually exceeds that at pin 11, producing at 
pin 13 a rectangular pulse whose duration depends 
on He (Fig. 10c). This pulse is differentiated to 
produce at pin 6 two instantaneous pulses: a 
positive-going pulse conducted to the supply line 
via diode D, and a negative-going pulse that pro- 
duces a corresponding positive-going pulse at 
pin 1 (Figs 10d and 10e). This final pulse, which 
marks the instant the voltages on pins 10 and 
11 are equal, de-activates the latch-disable 
mechanism of two LED display ICs (HEF4543B) 
allowing them to receive the instantaneous count 
of the BCD counter. This count, which is a measure 
Of H,.), then shows as a two digit display, allowing 
H,. to be read directly. 
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Relative humidity and temperature indicator with 
liquid crystal numerical display . 

This device, powered by four 1,5 V batteries, uses 
a liquid crystal numerical display to indicate the 
ambient relative humidity and temperature. 


In common with the previous example, the circuit, 
shown in Fig. 11, uses an LM339 voltage com- 
parator as an analogue/digital converter. Figure 
12 illustrates the operation of the system. 

Negative-going pulses (Fig. 12a) produced by a 
third multivibrator (also formed from an HEF4001B) 
are fed simultaneously to transistors TR; and 
TR», and to the reset pins of three HEF4518B 
counter ICs. The pulse on transistor TR; (pnp) 
causes it to conduct, allowing power to be deliv- 
ered from the supply line to the major part of the 


| 


count count stored in 
starts display driver 


Fig. 10 Sequence of pulse trains produced in the circuit of Fig. 9. 
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circuit. Since this occurs only over the duration 
of the pulse, a considerable saving in power 
results. The pulse on transistor TR» (npn) causes 
it to become non-conducting, permitting capa- 
citor C to charge and produce a ramp voltage 
(Fig. 12b) at pins 4, 7 and 10 of the voltage 
comparator. Finally, the pulse delivered to each 
counter IC lifts its reset and permits itto commence 
counting. 


Two of the counter ICs (the first being dedicated 
to the temperature section and the second to the 
humidity section) are fed 5 kHz pulses derived 
from a 50 kHz multivibrator (HEF4069B) via a pre- 
counter produced from the third counter IC. 


Humidity section 

Voltage V,(proportional to H,.)) is applied to pin 
11 of the voltage comparator (Fig. 12b). By com- 
paring this voltage with the ramp voltage at pin 
10, the comparator produces a positive-going 
pulse at pin 13 whose duration is proportional 
to H,e; (Fig. 12c). The pulse de-activates the latch- 
disable mechanisms of two 7-segment liquid 
crystal display drivers (HEF4543B) which then 
receive and display the instantaneous counts of 
the second counter IC (Fig. 11). At the end of the 
pulse, the latch-disable mechanisms are re- 
activated and the final count, which indicates 
H,e, remains on display until the following pulse 
arrives. 


Temperature section 

The system caters for ambient temperatures 
between 0°C and 50°C, the temperature depen- 
dent signal being derived from an NTC thermistor. 
The system must therefore incorporate an offset 
to set the reference temperature at 0°C. 

Pin 5 of the comparator receives a temperature 
dependent voltage governed by the thermistor, and 
pin 6 receives a constant offset voltage (Fig. 12b). 
With the ramp voltage applied to pins 4 and 7, 
a positive-going pulse occurs at point O (Fig. 11) 
whose duration is proportional to the temperature 
in °C. The pulse is inverted and fed to one half 
of the pre-counter, ensuring that the count trans- 
mitted to the first counter IC takes place only over 
the pulse duration (i.e. the interval between t, 
and to in Fig. 12f). Atthe same time the pulse acts 
upon two liquid crystal display drivers (HEF4543B), 
allowing them to receive and display the count 
of the first counter IC to give a direct temperature 
reading. 
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Fig. 11 Relative humidity and temperature indicator with a liquid crystal 
numerical display. 
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Fig. 12 Sequence of pulse trains produced in the circuit of Fig. 11. 


C1 =3 to 40 pF catalogue 
C2=C3=47pF P100 number 
C4 = 22 pF P100 as Fig. 5. 


H = HUMIDITY SENSOR 
VDR = Voltage dependent resistor 2322 594 72512 
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Humidifier control 

Humidifiers work by controlling the rate of water 
evaporation from a reservoir, either by regulating 
the water temperature with an electric heater or 
by blowing air over a moist wick with an electric 
fan. Two modes of operation are possible: 

@ on-off control, which can be used to control 

either a heater or a fan; 


@ time-proportional control, which can be used 
only for a heater. 


C1=3 to 40 pF catalogue 
C2=C3=47 pF  P100 number 
C4 = 22 pF P100 as Fig. 5. 


H = HUMIDITY SENSOR 
VDR = Voltage dependent resistor 2322 594 72512 


Fig. 13 Humidifier with on-off power control. 


Humidifier using on-off power control 

Figure 13 shows the circuit. The output voltage 
VV. of the measuring circuit is fed to a dual opera- 
tional amplifier IC (NE532), the first op-amp of the 
IC acting exclusively as an amplifier (with a gain 
of 2) and the second op-amp acting as a voltage 
comparator. 

The reference voltage (pin 6) of the comparator 
can be adjusted between 600 mV and 3000mV, 
giving a range in the preset values of H,.; between 
20% and 100%. A triac (BT13/7D) controlled 
directly by the comparator, regulates power to the 
heater or fan. The use of negative d.c. control 
current allows the triac to operate in its most 
sensitive triggering quadrant. D.C. triggering 
allows, moreover, the use of both inductive and 


resistive loads. 
Ms 
CY) as 


BT1370 


Vst * 6.5V 


15600 
—z 


3902 


(220Vac.) (1) 
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The circuit consumes a total current (including 
the triac triggering current) of 13 mA at 12 V d.c., 
the power being derived from the mains via a 
Capacitive mains dropper (saving the expense of 
a transformer). Power for the measuring circuit 
comes from the 12 V d.c. via a resistor and 6,5 
V voltage reference diode. 
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Humidifier using time-proportional power control 
On-off power control has the advantage of sim- 
plicity, but this is offset to some extent by its 
tendency to overshoot. Time-proportional control, 
the principle of which is shown in Fig. 14, provides 
more accurate power regulation. 

Power is delivered in a series of bursts of controlled 
duration and with a fixed repetition period. This 
period equals that of the sawtooth waveform shown 
in Fig. 14. By varying the reference voltage, we 
control the duty factor and hence the mean power 
delivered to the load. To eliminate rf. interference 
and transient distortion, switching occurs at zero 
crossing of the mains. Because of this the circuit 
is only suited to the control of resistive loads 
(i.e. humidifiers using heaters). 


7269099 


Fig. 14 Operating principle of time-proportional control. The duty factor 
(and hence the power delivered to the load) is varied by varying the 
reference voltage. 


Fig. 15 Humidifier with time proportional power control. The circuit is only 
suited to the control of resistive loads (i.e. heaters). 


C4 = 22 pF 
H = HUMIDITY SENSOR 
VDR = Voltage dependent resistor 2322 594 72512 


Figure 15 shows a humidifier circuit using a 
TDA1023 time-proportional control IC (Ref. 2). 
An NE532 op-amp amplifies the output V, of the 
measuring circuit and feeds it to one input (pin 7) 
of the TDA1023. A 47 kQ potentiometer connected 
to the other input (pin 6) is used to preset the 
relative humidity at any value between 40% and 
90%. | 

A 3,3 uF capacitor connected to pin 12 fixes the 
repetition period of the sawtooth generator 
(embodied in the TDA1023) at about 2 seconds, 
and resistors connected to pins 4 and 5 define 
the proportional band (i.e. the range over which 
there is proportional control). 

Power for the measuring circuit is derived from 
the internal power supply of the TDA1023. 


C1 =3 to 40 pF catalogue 
C3 =C2=47pF P100 ~~ number 
P100 as Fig. 5. 
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U1 = NE532 


mains 


C1 =3to 40pF 
C2 =C3=47pF P1100 catalogue 
C4 = 22pF P100 number : 


as Fig. 5. 680 uF 


H = HUMIDTY SENSOR 
VDR = voltage dependent é 
resistor2322 594 725120 as mt ean: a. sa ae | 
12 kO thermistor 2322 640 90004 | | 728910? 
Fig. 16 Tumble dryer control based on the measurement of relative 
humidity in the air outlet of the dryer. 
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Tumble dryer control 

A tumble dryer operates by heating a damp load 
whilst tumbling it slowly in a rotating drum. The 
relative humidity at the air outlet is a reasonable 
indication of how damp the load is. We can there- 
fore use the measuring circuit to control the dryer, 
switching it off when the load has reached a pre- 
selected level of dryness. 

Figure 16 shows a circuit for controlling a tumble 
dryer. As in previous examples the circuit operates 
by comparing V, with a constant voltage, in this 
instance a preset voltage corresponding to the 
required level of H,.; (i.e. the level that indicates 
a dry load). 

The humidity sensor is located in the air outlet 
of the dryer, and an NTC thermistor is located in 
the drum. The thermistor is used to control the 
air temperature within the drum, switching the 
heater off when the temperature exceeds 60°C 
and switching it back on when the temperature 
falls below 50°C. 

The on-off switch is door-operated so that drying 
begins as soon as the door is closed, and stops 
whenever the door is opened. 


When a damp load is inserted, the relative humid- 
ity inside the drum rises. It may not, however, 
rise enough to start the dryer operating. A delay 
circuit therefore holds V,, above the preset volt- 
age for about 2 minutes after the door is closed. 
The dryer can then start and run for sufficient 
time for the humidity at the outlet to rise above 
the preset value, after which the operation is con- 
trolled by the humidity sensor. 

Figure 17 shows how the relative humidity at the 
air outlet varies with time. The humidity increases 
as soon as the motor starts, then gradually falls 
until the load reaches the required level of dry- 
ness and the dryer switches off. 

The circuit shown is a laboratory prototype and 
lacks some features that could be advantageous. 
For instance, to reduce creasing the heater should 
switch off slightly before the drum motor. A 
memory might also be included in the circuit to 
prevent the dryer switching on again when drying 
is complete (as might occur for example if the 
door were opened to remove the load and then 
closed without switching the dryer off at the 
mains). 
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Fig. 17 The relative humidity in the outlet of a tumble dryer falls as the 
load dries. The curves here relate to a fully loaded standard domestic 
tumble dryer. 
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CAPACITIVE HUMIDITY SENSOR FOR 
CONSUMER APPLICATIONS 


Humidity sensors, as used for example in home 
hygrometers and in automatic humidity control 
systems, have two major requirements: predict- 
able behaviour and good long term stability. In 
addition, such sensors should be ruggedly con- 
structed for reliable operation under adverse 
conditions as well as being simple to operate 
and to maintain. 

Our new capacitive humidity sensor (catalogue 
no. 2322 691 90001) which has been designed 
for measuring relative humidity H,.,, meets all the 
above requirements and combines them with 
very low price. It consists of a perforated plastic 
case (Fig. 1) containing a stretched membrane 
of non-conductive foil coated on both sides with 
gold, the membrane and coating forming respec- 
tively, the dielectric and electrodes of a parallel 
plate capacitor. 

Changes in relative humidity bring about varia- 
tion in sensor capacitance C,. This in turn is con- 
verted by appropriate circuitry into a d.c. voltage 
that can be used to give a direct indication of 
relative humidity, or to serve as the monitoring 
signal of an automatic humidity control system. 
The sensor thus avoids the readout problems 
associated with mechanical devices in that it 
relies solely upon variation of an electrical 
parameter (i.e. capacitance) and hence can be 
incorporated directly into an electronic measur- 
ing circuit. 
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It is designed for a measuring range of He, 
between 10% and 90%, and possesses the advan- 
tage that its long-term characteristics are unaf- 
fected by condensation of water on the foil surface. 
Aggressive pollutants in the air have little effect 
upon performance, but it is important to note that 
the foil should not be exposed to the vapours of 
some solvents such as acetone. 

The sensor should not be used in applications 
requiring a high degree of precision, e.g. scien- 
tific work. Indeed as we shall see later, its accuracy 
precludes such application. 


= 16,5405 —= 


| 1,15 max 
sien <=- 


Fig. 1 Dimensional drawing of the humidity sensor. Dimensions in mm. 


Capacitance C, comprises a constant contribu- 
tion C, and a contribution AC dependent upon 
relative humidity, i.e. C; = C, + AC. Figure 2 
shows the dependence of C, on H,e, and it is 
evident that this dependence is quite marked. 
However, since the relationship is non-linear, to 
obtain a direct indication of humidity, either a 
non-linear scale must be employed or the output 
signal must be processed by a linearizing circuit. 


The most obvious method of generating an out- 
put signal from the sensor is by means of a bridge 
network. Although this method yields good results 
in practice, it is somewhat expensive. In the fol- 
lowing, we describe three inexpensive circuits for 
generating an output signal, all based upon the 
measurement of pulse width differences, the cir- 
cuits exhibiting varying degrees of sophistication. 


Fig. 2 Relationship between relative humidity H,., and sensor capacitance. 
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MEASUREMENT OF PULSE WIDTH 
DIFFERENCES 

The operating principle of a circuit based upon 
the measurement of pulse width differences 
is shown in Fig. 3. 


The circuit comprises two synchronized multi- 
vibrators M, and Mb, the former connected to 
a trimmer capacitor C; and the latter connected 
to the humidity sensor of capacitance C,. M, and 
M. produce pulses of duration t, and ts propor- 
tional to C; and C, respectively. This is shown in 
Fig. 4. The pulse width difference t, is given by 
t3=to—t,. It is convenient to choose M, and Moz 
with equal proportionality constants so that if Cy 
is adjusted to be equal to C,, ts will be propor- 
tional to AC. 


Choosing the pulse frequency to be 1/T, where 

T=2t, (see Fig. 4), and assuming that all pulses 

have equal amplitude Vz, then the mean output 

voltage will be: 

Vo=(ts /T)Va=(AC/2C,)Vz. 

The temperature and voltage dependence of ts/T 

are very small provided that: 

m™@ the characteristics of both multivibrators are 
identical (being constructed for example from 
a single LOCMOS circuit HEF4001B) 

m@ C, and C; have equal temperature coefficients. 

The output voltage V, is directly related to the 

supply voltage which should therefore be sta- 

bilized for best results. 


Fig. 4 Formation of pulses in the circuit of Fig. 4. 


PRACTICAL CIRCUITS 

Figure 5 shows a design based upon two inte- 
grated LOCMOS circuits HEF4001B. The circuit 
is battery powered with a supply voltage of 4,5 V 
and a current drain of about 0,1 mA. Multivibra- 
tors M, and Mp are each formed by a pair of NOR 
gates in the first LOCMOS circuit. Pulses pro- 
duced by M; and Mz are fed to the second 
LOCMOS circuit which produces an output signal 
proportional to the pulse width difference, the 
four NOR gates of this circuit being connected 
in parallel to provide comparatively low output 
impedance. It is thus possible to connect a 50yA, 
1kQ meter to the output via a 22 kO potentiometer. 
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Table 1 gives the relationship between H,., and 
pointer deflection, this being non-linear owing 
to the non-linear relationship between humidity 
and capacitance. This can be corrected, however, 
by appropriate circuit design (see below) thus 
permitting the use of a linearly divided scale. 


A low value of trimmer capacitance C, facilitates 
accurate adjustment. Should this value prove too 
low, however, an additional capacitance of 22 pF 
(Ce) can be added. 


Parasitic oscillations in the circuit are suppressed 
by an RC network (1500, 1 nF). By increasing 
the capacitance in the RC network to 1uF the 
Circuit can be driven by a3 V supply. Note, how- 
ever, that at this lower supply voltage accuracy 
will decrease considerably. 


This comparatively simple circuit is inexpensive, 
Its operation is reliable and its accuracy is suffi- 
cient for many applications. If it is fed by two or 
three pen-light elements, continuous operation 
for about one year is possible. 

Figure 6 shows a more elaborate circuit com- 


prising a Stabilized supply voltage and a lin- 
earizing circuit. 


TABLE 1 Relationship between H,,, and the required subdivision of the meter scale 


wom — 
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C2=C3=47pF P100 2222 632 04479 
C4=3...47pF 2222 808 11409 
C6 = 22pF P100 2222 632 04229 (optional) 


H = HUMIDITY SENSOR 2322 691 90001 


Fig. 5 Simple measuring circuit without linearization. 
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H = HUMIDITY SENSOR 


Fig. 6 Measuring circuit with linearization and stabilized supply. 
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Voltage stabilization is achieved by transistors 
TR,, TRe and TR3. TR; acts as a series regu- 
lator, reference being provided by the base- 
emitter voltage of TR». The collector current of 
TR2 drives TR3 which acts exclusively as an ampli- 
fier. The temperature dependence of the refer- 
ence voltage is compensated by a 68 kQ NTC 
thermistor. A 220 kO variable resistor is used to 
adjust the supply voltage to 4,2 V. 

The principle of the linearizing circuit is illus- 
trated in Fig. 7. Voltage pulses supplied by the 
meaning circuit of Fig. 6 charge capacitor C 
via diode D and resistor R;. At the same time 
a discharge current proportional to the voltage 
across the capacitor flows through resistor Ro 
and an additional current flows from the 4,2 V 
supply line via resistor R3. The output voltage 
Vo. is thus a non-linear function of V,, and by 
judicious choice of C, R; and Rg, this function can 
be so profiled that the relationship between H,. 
and V, is made substantially linear. 


Figure 8 shows a printed circuit board for a version 
intended for use with a meter (504A, 1kQ), and 
Fig. 9 shows a version mounted on an identical 
circuit board producing an output voltage between 
O and 1 V (for use in an automatic humidity 
control system). Note that the same circuit board 
can be used for the circuit of Fig. 5. 
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Fig. 7 Principle of the linearizing circuit. 


Figure 10 illustrates how the circuit of Fig. 6 can 
be adapted for connection to an external power 
supply providing a voltage Vz, of at least 7 V. 
Resistor Rg should be chosen such that Rg ~ 
(Vg—Vst)/2 mA, where Vsrz is the voltage required 
to supply the measuring circuit (6,5 V + 5% main- 
tained by a temperature compensated reference 
diode BZV11). 
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Fig. 8 Printed circuit board equipped with components for connection 
to a meter. 
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Fig. 9 Printed circuit board equipped with components for supplying 
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ADJUSTMENT PROCEDURE 

To obtain optimum performance the following 

adjustment procedure is recommended. 

= By means of the 220 kQ variable resistor, adjust 
the supply voltage to 4,2 V. 

(This step is omitted for the circuits of Figs 5 
and 10.) 

m@ Replace the humidity sensor by a 118 pF capac- 
itor and adjust C, to produce a minimum out- 
put signal. 

m@ Replace the 118 pF capacitor by one of 159 
pF and adjust the 22 kO potentiometer (in Fig. 5) 
or the 10 kQ potentiometer (in Figs 6 and 10) 
to produce full scale deflection on the meter 
(if used) or an output of 1 V. 

@ After removing the 159 pF capacitor, replace 
the sensor and readjust C, until the output 
(either voltage or meter reading) corresponds 
to the ambient humidity (measured by indepen- 
dent means with H,,., preferably about 50%). 


CHARACTERISTICS 

OF THE HUMIDITY SENSOR 

The relationship between H,.; and C, (Fig. 1) can 
be approximated by: 

C./C,(12%)=0,985 + 0,34(H,.)/100) 1-4 

where C,(12%) is the capacitance at H,.,; = 12%. 


Capacitance C, depends to some extent upon the 
operating frequency. This is illustrated in Fig. 11 
which shows the influence of frequency upon 
Capacitance based upon a reference frequency 
of 100 kHz. As further illustration we present 
Table 2 which gives values of C, (at H,.;=0%) 
for four different frequencies. Also shown are 
values of AC at H,..=12% and 100%. 


Fig. 11 Influence of frequency upon sensor capacitance C, based upon 
a reference frequency of 100 kHz. (Note this curve also represents the 
influence of frequency on AC and C,,.) 
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TABLE 2 Capacitance of the humidity sensor adjust reference frequen- 
cies (nominal values) 


frequency Cy (pF) AC (12%) AC (100%) 
f (kHz) (H,.; = 0%) (pF) (pF) 
1 116,1 3,6 45,5 
10 112,7 35 44,2 
100 109,0 3,0 42,7 
1000 104,6 3,3 41,0 


The response of the sensor is shown in Fig. 12. 
Following a rapid change of humidity, a time of 
about 3 minutes is required for the sensor to 
again provide a stable reading. 


Some important additional data on the humidity 
sensor are presented in Table 3. 

Note that if H,.. exceeds 90%, even slight tem- 
perature variations can lead to condensation of 
water on the sensor foil; this in turn will cause 
measuring errors and a considerable increase 
in response time. Also, although it is feasible to 
measure values of H,.; below 10%, the sensitivity 


of the sensor is not specified in this region. 


TABLE 3 Characteristics of the humidity sensor 


Capacitance 

(T=25°C, H,,,=43%, f=100 kHz) 
sensitivity 

(H,.;=43%) 

operating frequency range 
temperature dependence 

(over operating frequency range) 
measuring range 

operating temperature range 
storage humidity range 

storage temperature range 
maximum operating voltage 

(a.c. or d.c.) 

dielectric loss (tan 6) 

(at t=25°C, f=100 kHz) 

response (90% value) 

within the range of H,,=10% to 43% 
within the range of H,,.=43% to 90% 
(T amb =29 °C, in circulating air) 
hysteresis at one cycle 

(H,.7 10% 90% 10%, 

soldering conditions 


122pF + 15% 
(0,4 + 0,05)pF/% 


1 kHz to 1 MHz 

~0,1%/K 

H,,, between 10% and 90% 
0°C to 60°C 

H,., between 0% and 100% 
—25°C to 80°C 

15 V 


<35 X 10° 
<3 min. 
<5 min. 
= 3% (H,,,) 


max. 240°C 
max. 2 seconds 
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Fig. 12 Response of sensor to rapid changes in humidity (a) from 43 to 
75%, (b) from 75 to 43%. 


MEASURING ACCURACY 

To provide some indication of the accuracy avail- 
able, we shall consider in this section the major 
factors contributing toward errors of measurement. 


Temperature effects 

Since all components used in the circuits are 
temperature sensitive to some extent, readings 
from the sensor will be affected by temperature 
fluctuation. 


The sensor itself has a temperature coefficient 
of 0,1%/K (Table 3) giving a deviation in measure- 
ment of 2,5% for a temperature fluctuation of 
+25K. However, this is compensated in part by 
the effect of capacitors Co, C3 and Cg, (which 
are selected for their high positive temperature 
coefficients). 

In the circuit of Fig. 6 a further contribution will 
come from the diode in the linearizing circuit. 
The temperature coefficient of the pulsatory volt- 
age at the cathode side is 0,5 x 10°/K so that 
a temperature fluctuation of +25 K gives a devia- 
tion of +1,25%. 


The total temperature effect is given in Fig. 13 
(with and without linearization), the absolute 
value of the deviation 4H,., being plotted against 


rel- 


Fig. 13 Total temperature effect as a function of H,,, for a temperature 
fluctuation of +25 K. 
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Voltage effects | 

Fluctuations of the supply voltage produce cor- 
responding changes in output voltage, this effect 
being independent of the relative pulse width (i.e. 
t,/T). In the case of an unstabilized supply a 10% 
tolerance in battery voltage will thus produce a 
10% uncertainty in the output signal. Stabiliza- 
tion of the supply reduces fluctuation to about 
1% so that uncertainty in the output signal is 
reduced accordingly. 


Effect of imperfect linearization 

Since it is not possible to compensate wholly 
for non-linearity, errors arising from imperfect 
linearization are inevitable. These are shown in 
the graph of Fig. 14. Errors are most pronounced 
at values of H,.;>90%. For H,.; between 20% and 
90% the error remains below 1%. 


The total effect 

If the circuit of Fig. 5 (unstabilized supply) is 
calibrated at H,.,; ~ 50%, the overall measuring 
error can be as high as +10% at the mid-point 
of the range and +16% atthe 10% and 90% points. 
Stabilization of the supply voltage (Figs 6 and 10) 
reduces these errors to +5% and +8% respec- 
tively. In most cases, however, measuring errors 
will be far less than these figures. 


Fig. 14 Errors arising from imperfect linearization. 

PRACTICAL HINTS 

The formation of dew on the measuring circuit 
(caused for example by a sudden temperature 
drop) may lead to surface leakage and hence to 
false sensor readings. We therefore recommend 
that all components be given a surface treatment 
(e.g. plastic spray) prior to their being mounted 
on the circuit board, and that subsequent to 
mounting, the soldering side of the circuit board 
be treated in like manner. 

Stray capacitance across the sensor increases 
considerably if it is connected to the measuring 
circuit by flexible cable. This leads to a reduction 
in relative pulse width (t3/T) and hence to a drop 
in accuracy. If the use of such cable is unavoid- 
able, the trimmer capacitance should be increased 
accordingly, and where linearization is employed 
(i.e. Fig. 6), the resistance in series with the 


potentiometer should be reduced. 
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PORTABLE HYGROMETER 

VT&S Type: Humidity sensor 
Application: Industrial/Domestic 
Function: Measurement/Control 


Until recently, the only reliable hygrometers were 
mechanical and were considered too costly 
for widespread use. With the advent of the elec- 
tronic humidity sensor, a whole host of appli- 
cations became possible for electronic sensing 
circuits, ranging from tumble dryers to industrial 
air humidifiers. Apart from low cost and relia- 
bility, an electronic sensing circuit has several 
other advantages over mechanical hygrometers. 
@ It can be incorporated directly into an electrical 
measuring circuit 
m@ It is easier to operate and maintain 
m@ It can be used to drive a variety of humidity 
displays and control appliances 
m@ It is easier to calibrate 
@ It is smaller and therefore ideal for portable 
applications 
You'll now find humidity sensing circuits in: © 
@ Air conditioners and humidifiers in factories 
and at home 
= Greenhouse climate controllers 
= Tumble dryers 
@ Automatic extractor fans 
m@ Automatic windscreen wipers 
m@ Microwave-oven safety switch-off (see VT&S 
sheet 20) 
@ Home and weather station hygrometers 


APPLICATION EXAMPLE 

The sensor itself comprises a dielectric foil wnose 
Capacitance varies with relative humidity (RH). 
In a practical circuit the sensor is used in con- 
junction with two oscillators, one with a fixed 
frequency and the other with a frequency varying 
with the sensor’s capacitance. The frequency 
difference is translated into a pulsed output 
voltage with an average value proportional to 
the mark/space ratio. This can then be used to 
ie a meter, graph recorder or LED display (see 

ig. 1). 

Battery voltage, of course, influences the oscil- 
lator frequencies and so a battery check is 
included in the circuit. 
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Because the sensor’s characteristic is non-linear, 
the average output voltage used to drive the 
meter also varies non-linearly with humidity. If a 
linear scale is required then the circuit shown 
in Fig. 2 may be added to the output. 


C2=C3=47pF  P100 2222 632 04479 
C4=3... 40pF 2222 808 11409 
C6 = 22pF P100 2222 632 04229 (optional) 


H = Humidity sensor 2322 691 90001 


Fig. 1 Simple humidity measuring circuit without linearization 


Fig. 2 Linearization circuit for humidity measuring circuit 
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Fig. 3 Measuring circuit with linearization and stabilized supply 


Fig. 3 gives a variation of the circuit with a sta- 
bilized supply using a 4,5 volt battery. As the 
total circuit current consumption is only about 
100 pA, battery life should be at least one year: 
Technical Information 063 (ordering code no. 
9398 036 30011) describes in detail how the cir- 
Cuit may be adapted for LED or graph recorder 
displays. 

To improve battery lifetime and performance, a 
higher voltage battery than the necessary 4,5 
volts (9 volts, for example) may be used by incor- 
porating a zener stabilizer (see Fig. 4). 


Calibration procedure 

To calibrate the hygrometer a nominal battery 
voltage of 4,2 volts is required. The sensor, in 
Fig. 1 or Fig. 3 is replaced by a 2%, 118 pF 
capacitor and C4 is adjusted for minimum meter 
read-out. The 118 pF capacitor is then replaced 
by a 2%, 159 pF capacitor and the 22 kO resis- 
tor in Fig. 1, or the 1 kO resistor in Fig. 3 is 
adjusted for a maximum meter readout. With the 
sensor replaced in the circuit, C4 is again adjusted 
until a known humidity is correctly displayed. 
This can be done by placing the sensor in a 
closed environment with some potassium car- 
bonate (Fig. 5). 


Fig. 4 Zener stabilizer for supply from higher voltage batteries 
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7296263 


Temperature [ °c) 16 20 25 


Reletive humidity (%) | 44 43 
inside jar 


Fig. 5 Calibration procedure for electronic hygrometer 


Fig. 6 Outline diagram for the recommended 
humidity sensor 


SUITABLE DEVICE 

2322 691 90001 humidity sensor (see Fig. 6) 
Humidity range 10 to 90% RH 
Capacitance at +25°C, 43% RH 122 pF + 15% 


Sensitivity between 33% and 0,4 + 0,05 pF/% RH 
43% RH 


Frequency range 1 KHz to 1 MHz 


Maximum a.c. or d.c. voltage 15 V 
Storage humidity range 0 to 100% RH 


Ambient temperature range 
Operating 0 to +85°C 
Storage —25 to +85°C 
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HUMIDITY CONTROLLER FOR MICROWAVE 
OVEN 


VT&S Type: Humidity sensor 
Application: Consumer 
Function: Control 


A microwave oven operates by focusing micro- 
wave energy onto food which then causes water 
molecules contained in the food to resonate. 
This molecular vibration in turn causes heating 
and then the rapid cooking process begins. The 
problem with this kind of oven is that food with 
a high liquid content, soup for instance, could 
boil over. To prevent this, we suggest a control 
circuit for the oven containing our humidity sensor 
which detects an excessive level of steam and 
then automatically switches off the oven and 
gives a warning signal. | 


APPLICATION EXAMPLE 

The heart of the circuit (Fig. 1) consists of two 
identical ICs (HEF4001) although their functions 
are very different. IC1 is configured as two similar 
oscillator circuits and IC2 as a simple NOR gate. 
The frequencies of the oscillators are quite close 
but one is controlled by a variable capaitor and 
the other by the humidity sensor’s capacitance. 
Consequently, any rise in the humidity results in 
the frequency of that oscillator falling, the fre- 
quency difference manifesting itself as a pulse 
train at pin 11 of IC2, with lower mark/space ratio. 


The voltage across C4 is then amplified (approx- 
imately ten times) by a 532 operational amplifier 
whose output is then compared with a reference 
voltage (about 3,1 volts) defined by R8 and R9. 
If the relative humidity exceeds a predetermined 
value, output 7 of the operational amplifier goes 
low, causing a trigger current to flow via R11. 
Similarly, if the realtive humidity decreases out- 
put 7 goes high, the hysteresis being determined 
by R10. Once the triac is triggered, it can either 
turn the oven off or switch a fan on. 


Continuous triggering uses a lot of power so a 
sensitive triac (BT136D) with negative triggering 
is used. The power supply is obtained via a 
“dropper” circuit from the mains supply, a d.c. 
existing across C6. The supply for the ICs is 
obtained via R13 and D8, a 6,2 volt zener diode. 
Fig. 2 shows a suitable PCB layout for the circuit. 
Incidentally, the triac is protected against high 
voltage spikes by one of our transient protection 
varistors (2322 593 62512). 


Fig. 1 Humidity control circuit for microwave oven using RH-sensor 
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SUITABLE DEVICE 
2322 691 90001 humidity sensor (see Fig. 3) 


Humidity range 10 to 90% RH 
Capacitance at +25°C, 122 pF + 15% 
43% RH 
Sensitivity between 33% 0,4 = 0,05 pF/% RH 
and 43% RH 
Frequency range 1 kHz to 1 MHz 
Maximum a.c. or d.c. 15 V 
voltage 
Storage humidity range 0 to 100% RH 
Ambient temperature range 
Operating 0 to +85°C 
Storage —25 to +85°C 


Fig. 3 Outline diagram for the recommended humidity sensor 


Fig. 2 Printed circuit board for the microwave oven humidity control 
circuit 
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RESULTS OF TESTING HUMISTORS BY THE 
NATIONAL AGRICULTURAL INSTITUTE OF THE 
NETHERLANDS AND BY PHILIPS 

Humistors have long been used in such places 
as greenhouses, offices and meat processing 
areas, but recent years have seen a significant 
increase in their use in more aggressive envi- 
ronments such as pig sties and chicken farms. 
This has prompted a series of investigations 
into their long-term stability and accuracy, par- 
ticularly under adverse conditions. 

Notable among these investigations have been 
those carried out on capacitive humistors by the 
Technical and Physical Research Service, which 
is part of the National Agricultural Institute of The 
Netherlands. Interest in the capacitive humistor 
itself, which consists of a thin hygroscopic polymer 
foil acting as a dielectric between two electrodes 
(Ref. 1), was prompted by persistent questions 
from potential users who felt that ‘mirror dew 
point’ meters were too expensive and that wet- 
and-dry bulb hygrometers (psychrometers) were 
too laborious to use. 


To obtain a reference for stability measurements, 
all humistors were calibrated in the 30% to 90% 
RH range at an ambient temperature of 25°C. 
The humistors were subjected to a 30%—90%— 
30% humidity cycle in 15% increments, and read- 
ings were taken from the humistors at each 
increment 30 minutes after the climate had 
reached equilibrium. This cycle was performed 
twice giving a total of 16 measuring points for 
each humistor. 
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ADDITIONAL TESTS PERFORMED BY PHILIPS 
Philips has performed a series of additional tests 
to supplement those done by the Institute, which 
were not specifically directed towards investi- 
gating the humistors’ behaviour under adverse 
conditions. 

The tests were performed monthly between July 
and December. Four typical environments were 
selected: outdoor environment, cheese store, a 
pig sty and a greenhouse. Fig. 1 shows the results 
of these tests. 

In particular, the atmosphere in a pig sty (or for 
that matter a chicken farm) normally contains a 
rather high proportion of ammonia, and although 
the results here (Fig. 1(c)) were quite satisfactory, 
the investigators considered it worthwhile to 
perform more severe tests. 

The most severe conditions that occur in practice 
would be an ammonia content in the air of 15 
mg/m (Ref. 2). To increase the severity of the test 
therefore, the investigators used air with an 
ammonia content 100 times this level. 

The test conditions were as follows: 

# ammonia content of air 1500 mg/m? 

@ RH in test chamber 80% 

@ test duration 10 days 

m@ test temperature +25°C 

and the humistors tested were: 

@ 10 type 2322 691 90001 

@ 10 type 2322 691 90003 

Test results are given below: 

Ammonia test results 


AC 


humistor a eal 


type 


+2,3% 
+2,7% 


0,010 to 0,013 
0,010 to 0,012 


AC 
/ 90001 +1,7 to +2,8% 
90003 «J +2,5 to +3,1% 
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PANEL 1 
EXTRACT FROM INSTITUTE REPORT 


At the start of the investigations, all humistors 
were measured at 14, 25 and 40°C. Within the 
limits of obtainable accuracy (0,05 to 0,1% RH/k), 
no deviations from the humistors’ specification 
could be found. 


It is emphasized here that all results in this report 
refer to the humistors alone, and that the temper- 
ature coefficients of measuring instruments and 
humistor combined exceed those of the humistor 
alone. This means, of course, that a user must 
take care to verify the quality of his instrument 
even if a reliable humistor has been used. 


CONCLUSIONS AFTER SIX MONTHS’ 

INVESTIGATION WERE: 

1. Capacitive thin-film humistors are more stable 
than resistance type humistors. 

2. Most humistors tend to indicate excessive 
humidity. | 

3. Humistors outside and in a greenhouse envi- 
ronment show more error than those in pig 
sties and the cheese storehouse (up to 12% 
RH compared with 2 to 3% RH). Condensation 
on the meter, which could be one reason for 
this, will be investigated further. 

4. The hysteresis of capacitive humistors at high 
humidities must be considered, especially if 
the humistor is used for control purposes. 
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Fig. 1 Graph of humistor stability in various environments. 
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METAL OXIDE VARISTORS 


Fig. 2 Dimensions of the capacitive humistor. 


On completion of the test, no blemishes or other 
damage could be found on any of the humistors 
tested. 

These tests apparently caused no problems for 
the humistors so the investigators decided to test 
them in even more aggressive environments. They 
were therefore tested in a saline spray, in an SO. 
atmosphere and in a swimming pool (chlorinated) 
atmosphere. 

From these tests the experiments concluded that 
the saline spray and chlorinated atmosphere 
could both cause damage to the humistors, and 
that, within reason, an SO. atmosphere could be 
tolerated. 
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METAL OXIDE VARISTORS 


SOLVENCY TESTING OF | 
PHILIPS CAPACITIVE HUMIDITY SENSOR* 


SOLVENCY SOLVENT 

Ethyl Acetate 
Acetone 

HCI, 10% 

HCl, concentrated 


Nitric Acid, 10% 

Nitric Acid, concentrated 
Sulfuric Acid, 10% 

Sulfuric Acid, concentrated 


Alcohols 

Benzene 
Methylene Chloride 
Water 


Gasoline 
Lavender Oil 
Turpentine 
Ether 


Formaldehyde 

Linseed Oil 

Mineral Oil 

Premium Gasoline Mixture 


Orthochlorophenol 
Perchloroethylene 
Potassium Hydroxide, 10% 
Potassium Hydroxide, 50% 


Carbon Tetrachloride 
Trichloroethylene 
Xylene 


SOLVENCY CODES: 


POBRM GWPMONMO PPOH_-ND NHMONA$H HAAH BNMOWW WWwOA 


1 stable 

2 stable, waving foil 
material 

3 unstable 

4 unstable, waving in 
foil material 

5 soluble 


*translated from French (source: manufacturer of polymer dielectric 
used in Humistor), November, 1987. 
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COMPETITOR CROSS REFERENCE 


PHILIPS 
COMPETITOR COMPETITOR COMPONENTS PAGE 
NUMBER NAME PART NUMBER NUMBER 


PHILIPS 
COMPETITOR COMPETITOR COMPONENTS PAGE 
NUMBER NAME PART NUMBER NUMBER 


PHILIPS 
COMPETITOR COMPETITOR COMPONENTS PAGE 
NUMBER NAME PART NUMBER NUMBER 


100D-227D WESTLAKE 719A1 418 0410-0440 KEMET A 132 


MIDWEST COMPONENTS 2322 660,2322 680 649,679,683 


1000-2200  MIDWESTCOMPONENTS  § 2322 660,2322680 649,679,683 1862 ROEDERSTEIN 719B1 (344) 425 C5 CORNING 5053T,5053H 494,513 
100SX DALE CT-6H*,8038 EKV = 546,541 190D SPRAGUE 41PS 369 C630C KEMET P 158 

101 SANGAMO 3188 30 195 FENWAL 2322 626,2322 642 — 602,603,615,619 CA-CB FENWAL 2322 642 615,619 
101R SANGAMO 3188 30 196D SPRAGUE 41GS 355 CAC AVX,CORNING A 132 

101SR DALE CT-6N* 5 198 FENWAL 2322 626,2322 642 — 602,603,615,619 CC50 ANGSTROM 5013V 920 

1018X DALE CT-6X* 545,541 199D SPRAGUE 41GS 355 CC55 ANGSTROM 5023V 520 

101T DALE CT-6R*,8038 EKP = 545 1C-9C SPRAGUE K 142 CCA TRW 9043M,5033V,5043R 511,515,520 
101X SANGAMO 3188 6 30 1D1-3D1 MIDWEST COMPONENTS = 2322 640,2322 642 —607,614,615,619 CCB TRW 5053R,5043V 911,515,520 
102 SEACOR 70801 408 1D2-3D2 MIDWEST COMPONENTS 2322 640,2322 642 + 607,614,615,619 CCF-55 DALE 5043E 489 

102 BREL (PMC) 712A1 413 1D3-3D3 MIDWEST COMPONENTS = 2322 610,2322 645 + 600,601,627 CCF-50 DALE 5063J 482 

102T DALE 8038 EKH* 545 1D4-3D4 MIDWEST COMPONENTS = 2322 644,2322 645 + 623,627 CCF-07 DALE 9043E 489 

106 BREL (PMC) 719A1 418 1D5-3D5 MIDWEST COMPONENTS 2322 644 623 CCL MIDWEST COMPONENTS = 2322 660,2322 644 + 649,657 

106 SEACOR 712A1 413 1D7-3D7 MIDWEST COMPONENTS = 2322 644 623 CCM TRW 5033R,5023V 911,515,520 
109D SPRAGUE 40LW 329 1D9-3D9 MIDWEST COMPONENTS = 2322 644 623 cD AVX,UNITRODE P 158 

109D SPRAGUE 40EW 313 1D0-4D0 MIDWEST COMPONENTS = 2322 626,2322 633 602-606 CDH MIDWEST COMPONENTS = 2322 680 679,683 

112 SEACOR 708B1 423 202D SPRAGUE 43JW 320 CEA TRW 5033R,5023V 911,515,520 
112 FENWAL 2322 626,2322 633 602-606 260-10 VRN 8026 EKP* 540 CEC TRW 5073Y 504 

120 FENWAL 2322 640,2322 642 —607,614,615,619 260-208 VRN 8026 EKW* CEUSM MARCON 3480 51 

121 FENWAL 2322 626,2322 633 602-606 260-207 VRN 8026 EKX* CG MALLORY 3188 30 

122 SEACOR 703E1 423 3006 Y BOURNS CT-20X* 552 CG AVX,UNITRODE GA 136,132 

123 SEACOR 719F1 436 3006 P BOURNS CT-20P* 552 CGO MALLORY 3191 44 

130D SPRAGUE 40LW 329 3262 X BOURNS 8026 EKX* 540 CGR MALLORY 3188 30 

130D SPRAGUE 40EW 313 3262 W BOURNS 8026 EKW* 540 CGS MALLORY 3186 18 

1350 SPRAGUE 40BW 305 3262 P BOURNS 8026 EKP* 540 CH50 CORNING 5013V 520 

135D SPRAGUE 40AW 298 3266 W BOURNS 8026 EKW* 540 CH55 CORNING 5023V 520 

137D SPRAGUE 40SW 336 3266 P BOURNS 8026 EKP 540 CH60 CORNING 5033V 520 

138D SPRAGUE 40SW 336 3266 X BOURNS 8026 EKX* 540 CJ50 CORNING 5013V 520 

139R SANGAMO 3191 41 3292 P BOURNS CT-9P*,8024EKP 552 CJ55 CORNING 5023V 520 

140 FENWAL 2322 640,2322 642 — 607,614,615,619 3292 W BOURNS CT-9W*,8024EKW 552 CJ60 CORNING 5033V 520 

140D SPRAGUE 43XW/CLR14 348,227 3292 X BOURNS CT-9X*,8024 EKX 553 CK50 CORNING 9013V 920 

140D SPRAGUE 43XWICLI4/CL16 =» 348,212 3296 Y BOURNS 8024 EKY* 538 CK55 CORNING 9023V 920 

141D SPRAGUE 43XW/CLR17 348,228 3296 W BOURNS CT-9W*,8024EKW 552 CK60 CORNING 5033V 920 

141D SPRAGUE 43XW/CLI7/CL18 = 348,214 3296 P BOURNS CT-9P*,8024EKP 552 CL KEYSTONE 2322 610,2322 644 — 600,601,623 
142 FENWAL 2322 640,2322 642  607,614,615,619 3296 X BOURNS CT-9X*,8024EKX 553 CMF-65 DALE 5053R 911,515 
143 FENWAL 2322 640,2322 642 —607,614,615,619 3299 W BOURNS CT-9W*,8024EKW 552 CMF-07 DALE 5043T,5043E 489,513 
145 FENWAL 2322 640,2322 642 — 607,614,515,619 3299 X BOURNS CT-9X*,8024EKX 553 CMF-20 DALE 9053T,5053H 494,513 
146XR AEROVOX (ACUSHNET) 704C1 427 3299 Y BOURNS 8024 EKY* 538 CMF-50 DALE 5023R 911,515 
148 MALLORY 703E1 432 3299 P BOURNS CT-9P*.8024EKP 552 CMF-60 DALE 5043M,5053H, 494,511,513,515 
150 VRN RJ-13P* 549 32D SPRAGUE 3188 30 5053T,5043R 

150 FENWAL 2322 640,2322 642  607,614,615,619 32DR SPRAGUE 3188 30 CMF-55 DALE 9033R,5043E,5043T —489,511,515,513 
150D SPRAGUE 4088S 373 32DX SPRAGUE 3188 30 CMK SEACOR 719B1 425 

150D SPRAGUE 40XS 384 32M WESCO 708D1 408 CMR25 CAPAR 5033R 511,515 
1508X DALE 8038 EKZ* 542 32MM WESCO 708A1 411 CMT MALLORY 40YW 352 

150TX DALE 8038 EKR 542 32PC WESCO 708G1 N/A CN5O ANGSTROM 5025A 522 

151D SPRAGUE 40NS 365 32PMC WESCO 708B1 423 CN55 ANGSTROM 5035A 522 

182 WESTLAKE 708D1 408 3314 J BOURNS ST-4A C07 CORNING 5043T,5043E 489,513 

152 FENWAL 2322 640,2322 642  607,614,615,619 3323 $ BOURNS CT-6S* 545 CRA60 R-OKM 5043M,5053H,5043R 494,511,515 
152 MALLORY 708D1 408 3323 P BOURNS CT-6P* 545 CRB12 R-OHM 5043T,5053H 494,513 
152D SPRAGUE 40XS 384 356 GUDEMAN 708D1 408 CRB14 R-OHM 5033R,5043E, 489,511,513,515 
158 MALLORY 719J1 458 356R C-D 708D1 408 5043T,5063J 

158X WESTLAKE 719J1 458 363 GUDEMAN 708A1 411 CRB20 R-OHM 5023R 911,513 

160 WESTLAKE 712A1,719A1 413,418 4D0-4D5 MIDWEST COMPONENTS 2322 640,2322645 607,614,627 CRB60 R-OHM 9043M,5043R 511,515 

160 MALLORY 719A1 418 4M WESTCAP SFE 719A1 418 CRC AVX,CORNING K 142 
167/184 MALLORY 719A1 418 500 SANGAMO 3188 30 C$20 CORNING 9053T,5053H 513 

167 WESTLAKE 719A1 418 500R SANGAMO 3188 30 CT4 CORNING 5043T 513 
168/185 MALLORY 719A1 418 500X SANGAMO 3188 30 CT55 CORNING 9033R 911,515 

168 WESTLAKE 719A1 418 501 EMCON/KYOCERA P 158 D-CS MIDWEST COMPONENTS =. 2322 610,2322 644 + 600,601,623 
170 VRN CT-6W*,8014 EKW = 545 576D SPRAGUE 402S 392 D-Z20V MAIDA 2322 592.2322 596 573-594 

171 VRN CT-6P*,8014EKP = 545 992C SPRAGUE A 132 DA-DT FENWAL 2322 644 623 

171 WESTLAKE 719F1 436 602D SPRAGUE 3188 30 DCC MURATA T 196 

171 MALLORY 719F1/F2 436,437 602DX SPRAGUE 3188 30 DCM SANGAMO 3186 18 

172 MALLORY 703E1 432 608 TRW 708D1 408 DD MURATA U,D,S 184,162 
172D SPRAGUE 40TS 380 622D SPRAGUE 3191 41 DE MURATA DS 162 

173D SPRAGUE 40MS 359 636D SPRAGUE 3188 30 DHS MURATA T 196 

176D SPRAGUE “40TS 380 663UW TRW 708D1 408 DMP C-D 712A1 413 

179D SPRAGUE 40YS 388 7156 CERAMITE,SPRAGUE T 196 E-CS MDWEST COMPONENTS = 2322 644 623 

180 VRN CT-6W* 545 80D SPRAGUE 3487 60 ERC-65 DALE 5043V 520 
180W-222W MIDWESTCOMPONENTS 2322 660,2322680 649,679,683 81B-81G MIDWEST COMPONENTS = 2322 626,2322633 602,606 ERC-60 DALE 5033V 520 

181 VRN CT-6P* 545 81D SPRAGUE 3488 30 ERC-55 DALE 5023V 920 

1817 ROEDERSTEIN 719A1 (370) 418 82D SPRAGUE 3487 60 ERC-50 DALE 9013V 520 

1818 ROEDERSTEIN 719A1 (371) 418 863UW TRW 704C1 427 ERL-20 DALE 5053U 518 

182 VRN CT-6X* 945 9200-9236 SPRAGUE P 158 ERL-05 DALE 5033U 918 

1822 ROEDERSTEIN 719A1 (344) 418 A-21 DALE 5053Y 504 ERL-07 DALE 9043U 518 

1823 ROEDERSTEIN 719A1 418 AL-G1 KEYSTONE 2322 626,2322 633 602-606 ERN 1/4 JARO 9033R 511,515 
1826 ROEDERSTEIN 719A1 (370) 418 AS/AR TRANSISTOR 40BW 305 ERN 1/2 JARO 5043M,5043R 911,515 
1836 ROEDERSTEIN 719F1 (376) 436 AT TRANSISTOR 40AW 298 ERN-SB PANASONIC 9033R 511,515 
184 WESTLAKE 719A1 418 AWS NSSI 719F1/F2 436,437 ERNS55 PANASONIC 5033R 511,515 
1840 ROEDERSTEIN 719F2 (378) 437 BR3C TRW 5073Y 504 ERO-50CK PANASONIC 5043R,5053H, 911,515,513 
1841 ROEDERSTEIN 719F2 (378) 437 C DALE 2322 610,2322 645 600,601,627 5043M,5053T 

1845 ROEDERSTEIN 719F2 (378) 437 €312-€350 KEMET K 142 ERO-50CH PANASONIC 9043R,5053H,5043M 494,511,515 
185 WESTLAKE 719A1 418 C4 CORNING 5043T,5043E 489,513 ERO-51CKJ = PANASONIC 5053H 494 


*Philips Components Part Number “This Cross Reference is not meant to infer exact inter- 
changeability in all instances, but in most cases, pin configuration, performance specifications, 
and basic dimensions are similar.” 


NOTE: ALL MATSUSHITA-PANASONIC and SIEMENS part numbers are in series order 
designated by last set of numbers (Ex. ERZ-CO5DK470, SO5K30). 
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COMPETITOR CROSS REFERENCE 


PHILIPS PHILIPS PHILIPS 
COMPONENTS PAGE COMPETITOR COMPETITOR COMPONENTS PAGE COMPETITOR COMPETITOR COMPONENTS PAGE 
PART NUMBER NUMBER NUMBER NAME PART NUMBER NUMBER NUMBER NAME PART NUMBER NUMBER 


COMPETITOR COMPETITOR 
NUMBER NAME 


ERO-25CK 
ERO-25CKJ 
ERO-25CH 
ERO-10CK 
ERZ-C20DK 
ERZ-C10DK 
ERZ-C14DK 
ERZ-COSDK 
ERZ-CO7DK 
F 

F1772 
FA-FT 

FAH 

FAHM 


PANASONIC 
PANASONIC 
PANASONIC 
PANASONIC 
PANASONIC 
PANASONIC 
PANASONIC 
PANASONIC 
PANASONIC 

DALE 
ROEDERSTEIN 
FENWAL 
CORNE!LL-DUBILIE 
CORNELL-DUBILIE 
CORNELL-DUBILIE 
CORNELL-DUBILIE 
CORNELL-DUBILIE 
FENWAL 

KOA 

KOA 

CORNING 
CORNING 
NICHICON 
CORNING 
CORNING 
CORNING 
ANGSTROM 
ANGSTROM 
ANGSTROM 
THOMSON 
THOMSON 
THOMSON 
THOMSON 
FENWAL 


AEROVOX (ACUSHNET) 


FENWAL 
CHEMICON 
ROEDERSTEIN 
CORNING 
CORNING 
CORNING 
CORNING 


AEROVOX (ACUSHNET) 


FENWAL 
NICHICON 
NICHICON 


PANASONIC 
STACKPOLE 
STACKPOLE 
DALE 

KOA 
MALLORY 
STACKPOLE 
STACKPOLE 
STACKPOLE 


KOA, RCD 


9033R,5043E,5043T 
9043E 
5033R,5043E 
5023R 

2322 596 

2322 594 

2322 595 

2322 592 

2322 593 

2322 610,2322 645 
71931 

2322 640,2322 642 
3186 

3186 

3186 

3186 

3191 

2322 626,2322 633 
50232 

90332 

5033U 

5043U 

3487 

5033U 

5043U 

5053U 

2025A 

5035A 

5045A 

719A1 

719A1 

719A1 

719A1 

2322 640,2322 642 
701B4 

2322 640,2322 642 
3480 

703E1 

5033R 

5033R 

5053Y 

5053Y 

704C1 

2322 642,2322 644 
3476 

3487 

3487 

3487 

3487 

3487 

3487 

3487 

3070 

5053Y 

9053 

2322 610,2322 645 
5043T,5043E 
708D1 
5033R,5043E 
5043M,5053H,5043R 
5053R 

2322 644 

90132 

9023Z 

50332 

50632 

9033R 
5043M,5043R 
719A1 

5053R 

712A1 

? 

5033R 

5073Y 
5043M,5053H,5043R 
5053R 

712A1 
5033R,5043E 
5023R,5043E 
5033R,5043E 
5043M,5053H,5043R 
5053R 


489,511,513,515 


489,511,515 
911,515 
573-594 
573-594 
973-594 
973-594 
573-594 
600,601,627 

458 
607,614,615,619 


607,614,615,619 


607,614,615,619 


489,511,515 
494,511,515 
911,515 

623 

507,512 
507,512 
907,512 
907,512 
911,515 
511,515 

418 

511,515 

413 

158 
911,515 

504 
494,511,515 
911,515 

413 
489,511,515 
489,511,515 
489,511,515 
494,511,515 
911,515 


RCD 

SEACOR 

DALE 
CORNING 
CORNING 
CORNING 
KOA 

KOA 
CORNING 
CORNING 
CORNING 
CORNING 
ROEDERSTEIN 
ROEDERSTEIN 
ROEDERSTEIN 
ROEDERSTEIN 
ROEDERSTEIN 
ROEDERSTEIN 
CADDOCK 
CADDOCK 
CADDOCK 
NISSI 

TRW 

NISSI 


ILLINOIS 

TRW 

TRW 

TRW 

TRW 

AEROVOX (ACUSHNET) 
AEROVOX (ACUSHNET) 
AEROVOX (ACUSHNET) 
AEROVOX (ACUSHNET) 
FENWAL 
CORNING 
CORNING 
CORNING 
CORNING 
CORNING 
CORNING 
CORNING 
CORNING 
CORNING 
CORNING 
CORNING 
CORNING 
CORNING 
CORNING 
PANASONIC 
NICHICON 
PAKTRON 
CHEMICON 
PAKTRON 
NICHICON 
CORNELL-DUBILIE 
EVOX/SEACOR 
EVOX/SEACOR 
EVOX/SEACOR 
NICHICON 
THOMSON 
ILLINOIS 

ITT 

ROEDERSTEIN 
EVOX/SEACOR 
EVOX/SEACOR 
PAKTRON 

F-DYNE 


*Philips Components Part Number “This Cross Reference is not meant to infer exact inter- 
changeability in all instances, but in most cases, pin configuration, performance specifications, 


and basic dimensions are similar.” 


NOTE: ALL MATSUSHITA-PANASONIC and SIEIMENS part numbers are in series order 


designated by last set of numbers (Ex. ERZ-CO5DK470, SO5K30). 


5073Y 

712A4 

5073Y 

9023V 
5033V 
5043V 
5043T,5043E 
5053T,5053H 
5043V 
5023V 
5033V 
5043V 

708B1 

719B1 

719A1 

719A1 

719A1 

719A1 

50232 

90232 

50332 

712A1 
5023R,5013V 
719J1 

712A1 

719A1 

719A1 

719J1 

712A1 

708A1 
5053T,5053H 
5073Y 
719F1/F2 
708A1 

712A1 
719F1/2 
719A1 
719F1/F2 
712A1 

712A1 

50132 

90232 

50332 

5063Z 

703E1 
719F1/F2 
719F1/F2 
703E1 

2322 644 
5033R,5043E 
5043M,5053H,5043R 
5043M,5043R 
5053R 
5023R 
5033R 
5043M,5043R 
5043M,5043R 
5033R,5043E 
5043M,5053H,5043R 
5033R 
5053R 
5043M,5043R 


489,513 
494,513 
520 

920 

520 

520 

423 

425 

418 

418 

418 
418 
507,512 
507,512 
907,512 
413 
511,515,520 
458 

413 
418 

418 
458 

413 

411 
494,513 


489,511,515 
494,511,515 
911,515 
911,515 
911,515 
911,515 
911,515 
511,515 
489,511,515 
494,511,515 


F-DYNE 
WESTCAP SFE 
THOMSON 
NICHICON 
F-DYNE 
PAKTRON 
DALE 

DALE 

DALE 
KEYSTONE 
MURATA-ERIE 
MURATA-ERIE 
MURATA-ERIE 
MURATA-ERIE 
THOMSON 
SIEMENS 
NICHICON 
NICHICON 
NICHICON 
NICHICON 
NICHICON 
NICHICON 
NICHICON 


KEYSTONE 
KEYSTONE 
KEYSTONE 
KEYSTONE 
ELNA 
KEYSTONE 
KEYSTONE 
STACKPOLE 


STACKPOLE 
MURATA 

MURATA 
STACKPOLE 
TRANSISTOR 
CHEMICON 
RUBICON 

SIEMENS 

SIEMENS 

SIEMENS 

SIEMENS 

SIEMENS 

AVX 

DALE 

DALE 

DALE 

SEACOR 
EVOX/SEACOR 
SEACOR 
KETEMA-RODAN 
AMETEK-RODAN 
AMETEK-RODAN 
KETEMA-RODAN 
CHEMICON 
STACKPOLE 
STACKPOLE 
CORNING/DRALORIC 
CORNING/DRALORIC 
CORNING/DRALORIC 
CORNING/DRALORIC 
CORNING 
CHEMICON 
CHEMICON 
CHEMICON 
EVOX/SEACOR 
SANKEN 
KETEMA-RODAN 


703E1 

70801 

719F1 

3487 

704C1 

70801 

50332 

50232 

5013Z 

2322 660,2322 680 
2322 662 

2322 672 

2322 680 

2322 660,2322 672 
719J1 

2322 660,2322 664 
712A1 

71931 

719J1 

71931 

719F1/F2 

712A1 

712A1 

5043CX 

5053CX 

R 

3476 

5053H 

5043E 
5043T,5043E 
50537,5053H 
9033U 

5043U 

9053U 

3476 

3480 

2322 672 

2322 660,2322 672 
2322 626,2322 633 
2322 640,2322 642 
3476 

2322 660,2322 664 
2322 672 
5043M,5053H, 
5043T,5043R 
5033R,5043E 


2322 596 

A 

5035A 

5045A 

5025A 

704C1 

704C1 

704C1 

2322 644 

2322 644 

2322 660,2322 672 
2322 660,2322 672 
3476 

5033R 
5043M,5043R 
5043M,5053H,5043R 
5033R,5043E 
5023R 

5053R 

5033R 

3476 

3476 

3487 

719A1 

2322 592,2322 596 
2322 660,2322 664 


653,656 
681 
679,683 
649,681 
458 
649,657 
413 
458 
458 
458 
436,437 


494.511,513,515 


489,511,515 


623 


649,681 


494,511,515 
489,511,515 


573-594 
649,657 


715 


COMPETITOR 


T262 KEMET 
1322 

1323 

T330 
T360/362 


COMPETITOR 
NAME 


AMETEK-RODAN 
AVX 
MALLORY 


MALLORY 

MALLORY 

ELNA 

MALLORY 

TRW 

TRW 

TRW 

MALLORY 

MALLORY 

TRW 

TRW 

TRW 

ELNA 

TRW 

TRW 

TRW 

MALLORY 

MALLORY 

MALLORY 

MALLORY 

MALLORY 

MALLORY 

PANASONIC 
PANASONIC 
PANASONIC 
PANASONIC 

MALLORY 

MALLORY 

MALLORY 

MALLORY 

MARCON 
CORNELL-DUBILIE 
CORNELL-DUBILIE 
TRANSISTOR 
GENERAL ELECTRIC 
GENERAL ELECTRIC 
GENERAL ELECTRIC 
GENERAL ELECTRIC 
GENERAL ELECTRIC 
GENERAL ELECTRIC 
AEROVOX (ACUSHNET) 
AEROVOX (ACUSHNET) 
AEROVOX (ACUSHNET) 
AEROVOX (ACUSHNET) 
AEROVOX (ACUSHNET) 
AEROVOX (ACUSHNET) 
AEROVOX (ACUSHNET) 
AEROVOX (ACUSHNET) 
AEROVOX (ACUSHNET) 
AEROVOX (ACUSHNET) 


PHILIPS 
COMPONENTS 
PART NUMBER 


2322 660,2322 664 
K 


704C1 

3070 

2322 610,2322 645 
5033R,5043E 
5043M,5053H,5043R 
5053R 

4088S 

40NS 

40TS 

40XS 
5043M,5043R 
5033R 

5053R 


5043M,5043R 
40MS 
41GS 
4168 


3188 

3481 

40EW 

2322 592,2322 596 
2322 592,2322 596 
2322 592,2322 596 
2322 592,2322 596 
2322 592,2322 596 
2322 592,2322 596 
719A1 

719A1 

708A1 

708D1 

708D1 

708D1 

712A1 

712M 

708D1 

708D1 


649,657 

142 

427 

2 
600,601,627 
489,511,515 
494,511,515 


COMPETITOR 
NUMBER 


COMPETITOR 
NAME 


THOMPSON 
THOMPSON 
THOMPSON 
THOMPSON 
THOMPSON 
PAKTRON 
TRANSISTOR 
PAKTRON 
WESTCAP SFE 
WESTCAP SFE 
WESTCAP SFE 
TRANSISTOR 
SPRAGUE 
C-D 

C-D 

C-D 
TRANSISTOR 
DALE 

TRW 

TRW 

TRW 

TRW 
MALLORY 
MALLORY 
MALLORY 
MALLORY 
MALLORY 
MALLORY 
MALLORY 
FENWAL 

IMB 


*Philips Components Part Number “This Cross Reference is not meant to infer exact inter- 


changeability in all instances, but in most cases, pin configuration, performance specifications, 
and basic dimensions are similar.” 


NOTE: ALL MATSUSHITA-PANASONIC and SIEIMENS part numbers are in series order 
designated by last set of numbers (Ex. ERZ-CO5DK470, SO5K30). 
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PHILIPS 
COMPONENTS 
PART NUMBER 


2322 593 
2322 594 
2322 595 
2322 596 
2322 592 
701A1,708A1 
40LW 
701B1,708B1 
708A1 

708B1 

704C1 

40SW 

3070 

708D1 

708D1 

703E1 

40SW 

2322 610,2322 645 
719B4 

708G1 N/A 
712A1 

708A1 
43XW/CL14/CL16 
43XW/CLR14 
43XW/CLR10 
43XW/CLR14 
43XW/CLR10 
43XW/CLR17 
43XW/CL17/CL18 
2322 644 
719A1 


COMPETITOR CROSS REFERENCE 


573-594 
573-594 
573-594 
573-594 
573-594 
411 


600,601,627 
425 


413 
411 
348,212 
348,227 
348,225 
348,227 
348,225 
348,228 
348,214 
623 
418 
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Notice: 
Although the information in this catalog has been 
carefully checked for accuracy, and is believed to be 
correct and current, no warranty, either express or 
implied, is made as to either its applicability to, or its 
compatibility with, specific requirements; nor does 
Philips Components Discrete Products Division assume 
any responsibility for correctness of this information, nor 
for damages consequent to its use. All design charac- 
teristics, specifications, tolerances, and the like are 
subject to change without notice. Publication of this 
information is not intended to convey patents rights, if any. 


Super Snap™ is a trademark of Philips Components 
Discrete Products Division. Space Miser® Mono-Axial® 
Mono-Glass® Mono-Kap® Mono-Pak® Ultra-Kap® and 
Gap-Kap® are registered trademarks of Philips Com- 
ponents Discrete Products Division. Philips Compo- 
nents Discrete Products Division is a North American 
Philips Company. 

©Copyright, Philips Components Discrete Products Division, 1990. 

All rights reserved. Printed in U.S.A. 


Mail this business reply card 
today to request your per- 
sonal copies of Philips 
Components Discrete 
Products Division’s catalogs. 


SURFACE MOUNT DEVICE 
CATALOG contains impor- 
tant design, performance, 
and specifying data on tan- 
talum capacitors, monolithic 
ceramic capacitors, alumi- 
num electrolytic capacitors, 
thick-film and precision 
metal-film resistors, high 
performance trimmers, 
miniature selector switches 
and discrete semiconductors. 


DISCRETE SEMICONDUC- 
TOR CONDENSED CATA- 
LOG contains information for 
all Philips Components dis- 


crete semiconductors includ- 


ing small signal devices, 
power devices, and opto- 
electronic devices. 


FERRITE MATERIALS AND 
COMPONENTS CATALOG 
contains information on the 
most complete and diversi- 
fied range of ferrite-based 
devices offered to the elec- 
tronics industry. 


You can also request an 
additional copy of Philips 
Components Discrete 
Product Division’s 1990-91 
Resistor/Capacitor Data 
Book. Just fill out one of the 
attached cards. If all the 
cards have been used, send 
a request including your 
name, title, company, and 
address to: 


Philips Components 
Discrete Products Division 
A North American Philips 
Company 

P.O. Box 10330 

2001 W. Blue Heron Blvd. 
Riviera Beach, FL 33404 


Attn: Literature Department 


2001 West Blue Heron Boulevard 


P.O. Box 10330 
Riviera Beach, 
Florida 33404-9984 


NAME 
TITLE 
COMPANY 


ADDRESS 


eg I ee 


PHONE(  ) EXT. 


Please send: 

_] Surface Mount Device Catalog 

L] Discrete Semiconductor Condensed Catalog 
[_] Ferrite Materials and Components Catalog 
[] Leaded Resistor/Capacitor Data Book 

L] Please have a sales representative call 


NAME 
TITLE 
COMPANY 


ADDRESS 
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PHONE( ) EXT. 


Please send: 

| Surface Mount Device Catalog 

_] Discrete Semiconductor Condensed Catalog 
__] Ferrite Materials and Components Catalog 
[] Leaded Resistor/Capacitor Data Book 

L] Please have a sales representative call 


NAME 
TITLE 
COMPANY 


ADDRESS 


OY ee I ees ZI 


PHONE( ) EXT. 


Please send: 

(J Surface Mount Device Catalog 

(| Discrete Semiconductor Condensed Catalog 
_] Ferrite Materials and Components Catalog 
L_] Leaded Resistor/Capacitor Data Book 

_] Please have a sales representative call 
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Sales Offices and Manufacturer Representatives 


Huntsville, Over & Over, Inc. 

Tempe, Philips Components 

Anaheim, Philips Components 

Harbor City, Refrigeration Comp. 
Mission Hills, Philips Components 
Mountain View, Brooks Technical Group 
San Diego, Philips Components 
Sunnyvale, Philips Components 
Englewood, Philips Components 
Altamonte Springs, Philips Components 
Ft. Lauderdale, Philips Components 
Norcross, Over & Over, Inc. 

Roswell, Philips Components 

Cedar Rapids, Lorenz Sales, Inc. 
Bannockburn, GMR Sales, Inc. 

Des Plaines, Philips Components 

Fort Wayne, Corrao Marsh, Inc. 

Green Field, Corrao Marsh, Inc. 
Kokomo, Philips Components 
Merriam, Lorenz Sales, Inc. 

Wichita, Lorenz Sales, Inc. 

Woburn, Philips Components 
Columbia, Delta III Associates 
Farmington Hills, Philips Components 
Minneapolis, Electric Comp. Sales, Inc. 
St. Louis, Lorenz Sales, Inc. 

Charlotte, Over & Over, Inc. 

Raleigh, Philips Components 

Raleigh, Over & Over, Inc. 

Lincoln, Lorenz Sales, Inc. 

Englewood Cliffs, Ed Glass Associates 
Mendham, Philips Components 
Binghamton, Empire Tech. Assoc., Inc. 
Skaneateles, Empire Tech. Assoc., Inc. 


East Rochester, Empire Tech. Assoc., Inc. 


Port Ewen, Empire Tech. Assoc., Inc. 
Dayton, Philips Components 
Wickliffe, Philips Components 
Beaverton, Eclipse Marketing Group 
Willow Grove, Philips Components 
Caparra Heights, M. Anderson Co., Inc. 
Richardson, Philips Components 
Austin, Philips Components 

Houston, Philips Components 
Redmond, Eclipse Marketing Group 
Spokane, Eclipse Marketing Group 
Milwaukee, Philips Components 


(205) 837-7105 
(602) 820-2225 
(714) 441-0385 


(213) 325-3420* 


(818) 891-6299 
(415) 960-3880 
(619) 453-0332 


(408) 748-2066/2808 


(303) 779-9696 
(407) 339-5073 
(305) 485-0115 
(404) 449-6205 
(404) 992-0150 
(319) 377-4666 


(312) 295-8440* 


(708) 827-4487 
(219) 482-2725 
(317) 462-4446 
(317) 456-1615 
(913) 384-6556 
(316) 721-0500 
(617) 932-4748 
(301) 730-4700 
(313) 553-6000 
(612) 933-2594 
(314) 997-4558 
(704) 542-9111 
(919) 782-3334 
(919) 876-7338 
(402) 475-4660 
(201) 592-0200 
(201) 543-2556 
(607) 772-0651 
(315) 685-5703 
(716) 381-8500 
(914) 331-5553 
(513) 436-0066 
(216) 731-7721 
(503) 642-1661 
(215) 659-6096 
(809) 793-6544 
(214) 231-8274 
(512) 331-8828 
(713) 987-0034 
(206) 885-6991 
(508) 922-3972 
(414) 228-7632 


Philips Components 
Discrete Products Division 


Passive Components Group 


CAPACITORS 

4561 Colorado Boulevard 
Los Angeles, CA 90039 
Tel: 818/240-4880 

Fax: 818/500-9174 


7158 Merchant Avenue 
El Paso, TX 79915 

Tel: 915/775-4242 
Fax: 915/775-4249 


5900 Australian Avenue 
West Palm Beach, FL 33407 
Tel: 407/863-1800 

Fax: 407/863-1811 


6071 St. Andrews Road 
Columbia, SC 29212-3198 
Tel: 803/772-2500 

Fax: 803/772-2445 


RESISTORS 

Airport Road 

P.O. Box 760 

Mineral Wells, TX 76067 

Tel: 817/325-7871 

Fax: 817/325 8397 (SPR) 
817/325-1052 (GPR) 


Mepcopal Company 

11468 Sorrento Valley Road 
San Diego, CA 92121 

Tel: 619/453-0332 

Fax: 619/481-1123 


DIVISION HEADQUARTERS 
2001 W. Blue Heron Blvd. 

PO. Box 10330 

Riviera Beach, FL 33404 

Tel: 407/881-3200 

Fax: 407/861-do00 


Discrete Semiconductor Group 


45 George Washington Highway 
Smithfield, Rl 02917 

Tel: 401/232-0500 

Fax: 401/232-1047 


Materials Group 
5083 Kings Highway 
Saugerties, NY 12477 
Tel: 914/246-2811 
Fax: 914/246-0486 


Professional Components Group 


100 Providence. Pike 
Slatersville, Rl 02876 

Tel: 401/762-3800 

Fax: 401/762-3805 Ext. 324 


(416) 292-5161 

011+52-16-186701/02 
011+52-36-522770/72 
011+52-55-333858/59 


Canada Scarborough, Ontario, Philips Components 
Mexico CD. Juarez, Chihuahua, Philips Components 
Mexico Guadalajara, Jalisco, Philips Components 
Mexico = Mexico City, Philips Components 


*Motor Start Only 
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